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REFLECTIONS  OF  AN  S.  P.  E.  E.  PRESIDENT. 

BY  JOHN  F.  HAYFORD. 

The  title  selected  for  this  address  is  purposely  non-com- 
mittal. "Reflections  of  an  S.  P.  E.  E.  President"  is  a  phrase 
that  may  be  interpreted,  with  a  mirror  in  mind,  as  meaning 
that  your  own  ideas  are  to  be  thrown  back  to  you.  The  ad- 
dress may  be  an  epitome  of  what  you  yourselves  have  thought 
and  said.     On  the  other  hand  the  Standard  Dictionary  says 
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that  ''Reflection  increases  wisdom."  In  that  sense  of  the 
word  when  an  intelligent  being  reflects  upon  what  he  observes 
or  hears,  the  statement  of  his  reflections  contains  something 
original.  The  Secretary  of  the  society,  its  mainspring  that 
keeps  the  works  going,  and  the  assistant  to  the  Secretary,  the 
hairspring  that  attends  to  each  separate  (k)tick,  both  in- 
sisted many  weeks  ago  that  I  must  furnish  a  title  for  this 
address.     I  am  glad  I  made  it  non-committal. 

After  all,  it  is  of  little  importance  whether  my  reflections 
are  of  the  one  kind,  the  consensus  of  your  thoughts  put  into 
words,  or  of  the  other  kind,  original.  As  is  usual  with  the 
work  of  an  engineer,  it  is  relatively  immaterial  whether  it  is 
original  or  not.  It  is  all  important  that  it  be  right.  I  would 
like  to  help  toward  correct  conclusions. 

I  have  had  a  rare  opportunity  not  given  to  my  predeces- 
sors. I  have  presided  over  three  successive  meetings.  At 
Evanston  I  found  myself  acting  as  president,  without  pre- 
vious notice,  in  the  absence  of  President  Milo  S.  Ketchum,  and 
had  the  fun  of  delivering  his  excellent  presidential  address, — 
without  the  labor  of  preparing  it. 

At  Boston  I  found  myself  trying  to  bring  success  to  a  meet- 
ing of  which  the  keynote  and  general  plan  was  changed  after 
we  had  come  together,  by  the  fact  that  our  English  friends 
with  whom  we  were  called  to  consult,  could  not  stay  after  the 
first  third  of  the  meeting.  Naturally  the  position  was  a  diffi- 
cult one. 

Here,  alas,  at  a  third  meeting  I  find  myself  in  a  difficult 
position.  I  must  again  deliver  a  presidential  address  and  if 
I  am  to  put  ideas  into  it  I  must  Ketchum  myself. 

I  thank  you  for  the  privilege  you  have  given  me  to  help 
the  S.  P.  E.  E.  for  a  year  as  its  president.  It  is  a  high  honor 
as  well  as  a  privilege  to  be  the  president  of  a  society  which 
was  ''the  first,  and  for  many  years  the  only  society  for  the 
study  of  education  in  colleges"  in  the  United  States.^ 

i**The  Study  of  Engineering  Educatdan,"  prepared  for  the  Joint 
Committee  on  Engineering  Education,  by  C.  E.  Mann,  pages  101. 
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I  thank  you  for  your  kindliness  toward  me  during  the  diffi- 
cult year.  The  past  makes  me  feel  certain  that  your  kindli- 
ness will  persist  to  the  end  of  this  address  while  we  consider 
certain  topics  together. 

This  occasion,  the  Baltimore  meeting  of  the  S.  P.  E.  E.,  is 
unique  in  its  position  in  the  history  of  the  Society.  We  have 
just  come  out  of  a  war  which  has  educated  us  all.  The  war 
cultivated  the  best  that  was  in  us,  and  has  given  us  new  and 
greater  ideas  and  ideals, — that  is  education.  The  time  is 
favorable  for  readjustment  in  our  methods  in  our  colleges  as 
we  reestablish  our  student  group  and  our  teaching  staff  in 
each  institution.  We  have  just  been  favored  by  the  best  ob- 
jective view  of  colleges  and  engineering  that  has  ever  yet 
become  available,  the  complete  Joint  Committee  Report.  Note 
the  emphasis  on  the  word  ''objective."  One  can  secure  sub- 
jective views  without  great  difficulty,  but  a  carefully  con- 
sidered objective  view,  such  as  the  Joint  Committee  Report, 
is  not  easily  secured.  We  have  it,  and  have  it  at  the  oppor- 
tune time. 

This  summer  with  the  educative  war  in  the  background, 
with  much  new  food  for  thought,  we  should  renew  our  faith 
and  our  vigor,  and  focus  our  new  knowledge  and  energy,  with 
new  enthusiasm,  on  the  new  tasks,  and  on  the  old  familiar 
tasks  that  lie  before  us.  We  should  hold  fast  to  that  which  is 
best  in  our  former  methods  and  add  new  good  things  gathered 
from  our  recent  experience. 

Engineering  is  the  foundation  of  our  present  civilization. 

Please  note  that  I  have  not  said  that  engineering  is  our 
present  civilization.  Civilization  is  the  whole  structure,  or 
perhaps  I  should  say  it  is  the  superstructure.  All  of  those 
things,  ideas,  ideals,  which  men  think  of  as  civilization,  are  in 
the  superstructure  which  could  not  have  been  built  so  large  or 
so  well  without  the  foundation,  engineering.  The  super- 
structure, civilization,  would  fall  if  it  were  not  for  the  solid 
foundation,  engineering, — applied  science. 

Look  at  any  part  of  the  world  where  there  is  but  little  engi- 
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neering  today,  as,  for  example,  the  interior  parts  of  Central 
America,  away  from  the  coasts  and  railroads,  the  interior  of 
South  America  or  the  interior  of  Africa.  In  those  places, 
life  is  for  most  men  a  struggle  for  the  bare  essentials  of  ex- 
istence, an  apathetic,  listless  struggle. 

In  sharp  contrast  to  this,  in  the  parts  of  the  earth  where 
engineering  is  most  highly  developed,  the  labor  cost  of  the 
bare  essentials  of  existence  is  greatly  reduced,  and  man  de- 
velops those  luxuries  which  are  closely  related  to  his  civiliza- 
tion. He  has  it  in  his  power  to  get  the  bare  necessities  easily, 
in  short  hours.  He  turns  the  forces  of  nature  to  his  own  use 
and  convenience.  He  travels,  exchanges  ideas,  develops  his 
sense  of  beauty  and  of  duty,  lives  longer,  struggles  harder  to 
go  upward,  develops  a  literature,  develops  social  qualities, 
develops  a  religion  that  is  based  upon  other  foundations  than 
mystery  and  fear.  He  becomes  a  civilized  man,  having  the 
time  and  the  energy  to  do  so. 

Of  course,  the  foundation,  engineering,  may  be  used  to 
carry  some  other  superstructure  than  civilization.  The  Hun 
undertook  to  use  engineering  as  a  foundation  for  the  conquest 
of  the  world.  He  failed  because  the  Allies  were  able  to  use 
engineering  as  a  foundation  for  their  resistance. 

The  important  point  to  keep  in  mind  is  that  without  the 
foundation,  engineering,  man  does  not  have  the  time  or 
energy  to  develop  and  maintain  our  present  type  of  civiliza- 
tion. Without  the  engineering  he  cannot  have  the  civiliza- 
tion. With  it  he  has  the  possibility  of  becoming  civilized,  and 
history  shows  that  he  ordinarily  makes  much  progress  along 
that  line. 

The  engineer  who  knows,  and  feels,  that  engineering  is  the 
foundation  which  carries  the  superstructure,  our  present 
civilization,  which  is  something  higher  and  better  than  the 
foundation,  is  naturally  interested  in  that  superstructure. 
He  is  keen  to  adapt  his  foundation  to  the  superstructure. 
Naturally  he  is  keen  to  see  the  human  relations  of  his  work 
and  that  of  his  profession.  To  him  engineering  is  not  mere 
technique.  ' 
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Similarly  the  student  who  even  dimly  sees,  or  vaguely  feels, 
the  truth  that  engineering  is  the  foundation  of  our  present 
civilization  is  more  apt  than  others  to  be  permanently  well 
motivated.  He  is  less  apt  to  feel  that  engineering  is  merely 
technique  by  which  he  may  earn  his  way, — ^less  apt  to  be 
narrow  in  his  learning.  He  is  more  apt  to  have  an  impelling 
vision,  more  apt  to  have  an  interest  in  all  that  is  civilization, 
more  apt  to  see  in  the  profession  of  engineering  a  glorious 
chance  for  service  to  mankind. 

Let  us  not  forget,  even  in  the  heat  of  the  workday,  that 
engineering  is  the  foundation  of  our  present  civilization, — 
nor  allow  our  students  to  overlook  that  fact. 

Our  slogan  should  be,  education  for  service,  education  to 
bring  out  in  each  student  those  qualities  which  enable  him  to 
render  greater  service  to  mankind  and  to  equip  him  with 
mental,  moral  and  physical  abilities  for  such  service. 

Our  slogan  for  colleges  of  engineering  should  be,  let  us 
educate  men  for  service  as  engineers. 

If  we  adopt  this  slogan  with  the  proper  emphasis  on  the 
three  words,  men,  service,  engineers,  we  are  apt  to  remember 
that  each  man  is  an  organism,  not  a  machine,  that  he  con- 
tinues to  grow  and  change  long  after  graduation,  that  we  can 
not  hope  to  stock  him  in  college  with  all  the  ideas  and  skill 
he  will  have  later,  that  our  function  in  college  is  to  help 
vitalize  the  organism,  to  invigorate  its  growth,  to  start  it  in 
adapting  itself  to  its  future  environment.  We  will  think  less 
perhaps  of  the  possible  condition  of  that  organism  during  the 
first  five  years  after  it  leaves  the  commencement  stage,  and 
much  more  of  the  way  it  will  be  functioning  in  the  whole 
period  of  forty  years  of  service. 

Against  such  a  background  I  ask  you  to  consider  with  me 
certain  of  our  present  oft-debated  questions. 

Which  should  receive  the  main  emphasis,  specialization  or 
general  education?  The  answer  is,  I  believe,  both,  alter- 
nately. The  most  effective  specialist  is  one  who  has  the  power 
and  the  ability  to  concentrate  his  mental  pressure  on  so  nar- 
row a  line  that  it  is  a  cutting  edge,  who  does  so  concentrate, 
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and  who  at  the  same  time  keeps  so  broad  a  bearing  on  the 
world  that  his  cutting  edge  is  properly  guided.  The  special- 
ist who  renders  greatest  service  is  one  motivated  permanently 
by  a  broad  vision  while  his  attention  and  power  is  concen- 
trated on  specific  tasks  for  which  he  has  made  himself  the 
superior  of  others.  He  needs  a  broad  vision  to  motivate  him 
and  guide  him  to  the  service  most  worth  while.  The  man  who 
is  broadly  cultured,  and  nothing  more,  loses  his  cutting  edge, 
loses  his  power  to  concentrate,  fails  to  have  the  power  to  do 
the  specific  tasks  which  are  parts  of  his  service. 

It  has  been  said  in  our  S.  P.  E.  E.  group  that  all  general 
principles  are  built  upon  specific  instances  and  the  inference 
carried  that  therefore  specialization  is  the  important  thing. 
Others  emphasize  the  principles  as  all-important  and  seem, 
in  doing  so,  to  belittle  specific  problems  or  cases. 

Are  not  both  right?  Is  it  not  true  that  the  normal  pro- 
cedure of  the  effective,  alert  mind  is  to  alternate  between 
consideration  or  observation  of  specific  concrete  things  or 
ideas  on  the  one  hand  and  attempting  to  generalize  on  the 
basis  of  that  which  is  common  to  many  things  or  ideas  on  the 
other  hand?  Does  not  the  effective  thinker  normally  special- 
ize a  part  of  the  time  and  generalize  a  part  of  the  time? 
Should  not  specialization  and  generalization  both  receive 
emphasis  alternately  in  our  educational  procedure? 

Similarly,  there  are  those  who  advocate  strongly  the  pre- 
sentation of  theory  first, — practice,  concrete  examples,  labo- 
ratory work  later.  And  vice  versa,  there  are  those  who  ad- 
vocate always  taking  the  reverse  order,  the  observation  first 
and  the  theory  later.  Are  they  not  both  partly  wrong  and 
partly  right?  Does  not  the  man  proceed  normally  and  most 
effectively  by  alternating  the  two  in  rather  short  periods? 
He  who  really  observes  keenly  soon  begins  to  form  an  under- 
standing of  what  he  observes  and  develops  a  partial  theory. 
If  he  devotes  time  to  formulating  his  understanding,  to  mak- 
ing it  clear,  he  returns  to  his  observing  with  still  keener  in- 
sight, and  sees  still  more  that  must  also  be  studied  before 
being  understood.    Such  alternation  is  the  ideal  method.    As 
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there  are  thousands  of  facts  always  at  hand  to  be  observed 
and  hundreds  only  among  these  thousands  that  carry  by  far 
the  greater  part  of  the  significance,  it  is  important  in  general 
to  have  one's  attention  focused  on  the  hundreds  by  close  at- 
tention to  theory,  to  a  true  understanding.  On  the  other 
hand,  the  theory  needs  always  to  be  held  in  check,  controlled, 
verified  or  destroyed  by  observation. 

I  believe  that  in  general  it  is  important  to  take  each  specific 
problem  ordinarily  from  the  theoretical  side  first,  to  sharpen 
the  wits  and  the  powers  of  observation,  and  then  to  observe 
and  thereby  test  the  theory,  and  possibly  start  a  new  train 
of  thought. 

I  have  been  one  of  three  who  have  spent  much  time  during 
the  war  developing  a  new  type  of  instrument.  The  problems 
encountered  were  exceedingly  difficult.  We  worked  by  the 
method  I  have  just  outlined,  by  rapid  alternation  between 
theoretical  investigation  and  observation.  Our  desks  were  in 
the  laboratory  where  the  experiments  were  being  conducted. 
I  can  assure  you  that  one  who  writes  refined  theory  at  a  desk 
while  behind  him  in  the  same  room  are  others  who  are  testing 
the  crude  form  of  that  theory,  writes  with  a  care  and  keenness 
that  is  conducive  to  efficiency.  So  too  I  can  assure  you  that 
he  who  observes  under  these  conditions  with  the  knowledge 
that  if  he  has  watched  the  non-essentials  and  missed  the  sig- 
nificant that  a  developing  theory  will  soon  detect  his  lapse, — 
he  who  so  observes,  observes  keenly.  The  method  of  rapid 
alternation  which  was  followed  with  the  prevailing  emphasis 
on  theory  first,  gave  a  rate  of  progress  which  it  is  now  evident 
was  much  more  rapid  than  could  possibly  have  been  made  by 
the  observation — ^first  method  of  procedure.  The  experience 
has  made  me  a  still  more  ardent  advocate  than  before  of  the 
method  of  rapid  alternations  with  the  emphasis  on  theory  first. 

I  am  convinced  that  intelligence  tests  have  immediate  value, 
even  now,  when  we  know  so  little  about  them.  I  feel  certain 
that  they  will  become  much  more  valuable  when  they  are 
better  understood.     This  statement  is  made  in  order  that  I 
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may  be  understood  when  I  raise  a  question  on  one  point  in 
regard  to  such  tests  as  applied  to  students  of  engineering. 

It  is  strongly  advocated  that  certain  objective  tests,  which 
seem  to  me  to  be  essentially  vocational  tests,  should  be  used 
on  engineering  students.  We  are  probably  justified  in  being 
sceptical  on  this  point.  Engineering  is  not  a  narrow  vocation 
and  immediate  success  is  not  the  important  thing.  An.  engi- 
neer, it  is  true,  like  all  men,  carries  a  routine  load  which  may 
be  specified  in  advance  in  some  cases.  But  after  all  the  val- 
uable part  in  an  engineer's  service  arises  from  his  ability  to 
see  and  solve  new  problems,  to  improve  design,  to  meet  the 
emergencies  of  operation,  to  put  better  methods  of  procedure 
in  the  place  of  the  usual  methods,  to  see  the  things  that  are 
not  where  he  looks  and  which  may  be  in  the  future  only.  The 
engineer's  greatest  service  is  based  largely  on  his  ability  to 
see  the  things  that  are  not  obvious,  to  see  the  possible  advances 
that  are  but  obscurely  indicated,  to  see  in  the  blue-print  and 
the  description  that  which  is  a  possible  future  fact  worth 
while.  The  engineer  who  is  of  great  service  to  the  world  deals, 
as  a  rule,  with  a  great  variety  of  things  which  may  cover  a 
large  part  of  the  whole  range  of  science,  including  those 
undeveloped  sciences  which  contain  the  laws  of  the  reactions 
which  occur  in  the  contact  of  man  with  man,  as  individuals  or 
in  groups. 

It  seems  to  me  that  any  candid  study  of  many  engineers 
who  have  rendered  great  service  to  the  world  will  show  that 
they  exhibit  great  variety  in  their  general  characteristics. 
Among  the  engineers  who  have  rendered  great  service  are 
men  of  the  artistic  temperament,  men  with  great  ability  at 
the  fingers'  ends  and  men  with  but  little  manual  skill,  men 
who  have  succeeded  by  direct  attacks  in  person  on  the  tech- 
nical problems  that  came  before  them  with  little  attention  on 
the  human  elements  in  life  and  men  who  have  worked  almost 
entirely  through  other  brains  than  their  own,  being  great 
executives  in  the  engineering  field.  There  is  still  abundant 
opportunity  in  engineering  for  all  of  these  types. 
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The  engineers  that  we  should  aspire  to  educate  have  so 
broad  a  field,  so  great  a  variety  of  opportunity,  such  large 
powers  of  future  expansion  beyond  their  size  while  in  college, 
and  expansion  in  so  many  directions,  that  we  should  be  scep- 
tical of  vocational  tests  or  of  objective  tests  of  that  type  for 
them. 

Please  do  not  misunderstand.  It  is  certain  that  there 
should  be,  and  probably  will  be,  much  experimenting  in  the 
next  few  years  in  connection  with  various  tests  applied  to 
students  of  engineering.  It  is  only  on  one  point  in  connec- 
tion with  the  proposed  tests  that  I  have  expressed  skepticism. 
I  believe  that  an  engineer  needs  intelligence  and  must  use  it, — 
but  not  simply  a  particular  kind  of  mechanical  mathematical 
intelligence.  Hence  I  believe  that  the  future  tests  should  aim 
to  discover  and  measure  intelligence, — rather  than  a  particu- 
lar brand  of  intelligence. 

It  is  reasonably  certain  that  some  within  hearing  are  think- 
ing ' '  that  is  all  well  and  good  if  you  are  considering  only  the 
leaders  in  engineering,  but  how  about  the  large  numbers  of 
men  who  do  the  routine  work  in  engineering,  the  men  who 
are  draftsmen  for  life,  who  operate  small  power  plants  for 
life,  or  who  are  inspectors  and  remain  so.''  The  sooner  we 
recognize  that  such  men  have  not  measured  up  to  the  standard 
of  service  which  we  recognize  cordially  as  engineering,  the 
better  it  will  be  for  engineering  education. 

There  is  need  of  much  clear  recognition  of  the  fact  that  the 
greatest  defect  in  our  educational  system  at  present  is  the 
lack  of  vocational  training.  Trade-schools  are  needed, — 
trade-schools  which  are  frankly  and  definitely  devoted  to 
training  artisans  of  all  grades,  including  the  highest  types,  as 
for  example,  skilled  draftsmen.  The  draftsman  bears  the 
same  relation  to  an  engineer  that  the  trained  nurse  or  the 
interne  in  a  hospital  bears  to  the  surgeon.  The  trained  nurse 
renders  valuable  service  in  that  capacity  for  life.  The  sur- 
geon's success  is  based  on  her  skill  and  fidelity.  The  interne 
is  for  a  time  in  much  the  same  relation  to  the  surgeon  as  the 
trained  nurse.     But  he  is  developing  up  through  that  ex- 
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perience  to  become  a  surgeon.  So  also  a  good  road  to  the 
engineer's  position  runs  by  way  of  temporary  service  at  the 
drafting-table. 

If  we  had  well-developed,  frank  trade-schools,  many  of  the 
best  men  for  the  routine  work  which  is  the  basis  of  engineer- 
ing would  be  developed  in  those  schools,  and  probably  the 
draftsmen  would  largely  be  developed  there.  As  a  result  we 
would  have  better  workmen,  better  foremen,  better  operators, 
better  draftsmen.  As  artisans  of  higher  grade  were  developed 
in  such  a  well-planned  system  of  trade-schools  we  would  be 
face  to  face  in  time  with  even  greater  difficulties  than  now  in 
drawing  a  clear,  definite  line  to  separate  the  highest  grade 
of  artisans  from  the  engineers.  The  engineers  would  find  the 
emphasis  in  the  lines  in  which  they  served  going  more  and 
more  to  the  creative  side,  the  improvement  side.  The  engi- 
neer's education  would  in  time  respond  still  more  than  at 
present  to  that  kind  of  a  demand  on  his  ability. 

The  establishment  and  frank  development  to  their  highest 
capabilities  of  trade  schools  for  artisans  would  give  the  grad- 
uates of  such  schools  better  preparation  for  their  future  serv- 
ice in  a  shorter  time  than  they  can  now  get  it,  either  by  ex- 
perience merely  or  by  studying  to  be  artisans  in  a  college  of 
engineering. 

Permeating  many  of  our  educational  problems  in  this 
society  are  obscurities  that  arise  from  the  fact  that  the  essen- 
tial difference  between  the  high-grade  artisan  and  the  engi- 
neer is  not  clearly  seen  and  the  corresponding  action  taken. 
In  military  life  everywhere  a  clear  distinction  is  seen  between 
the  private,  or  non-commissioned  officer,  and  the  officer.  That 
distinction  clearly  seen  and  acted  upon  is  effective  both  in 
contributing  to  the  efficiency  of  the  organization  and  in  de- 
veloping the  individual  in  it. 

As  in  military  life,  the  exceptional  men  frequently  pass 
from  one  of  these  classes  to  the  one  above,  from  the  non- 
commissioned to  the  officer  class,  so  we  should  expect  even 
though  we  had  the  ideal  educational  system,  that  exceptional 
men,  trained  as  artisans  would  rise  to  the  professional  class. 
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The  point  is  that  both  the  education  and  the  performance 
would  be  improved  by  recognizing  frankly  both  classes  as  dis- 
tinct, just  as  it  is  certain  that  in  the  Army  and  Navy  frank 
recognition  of  the  officers  and  of  the  non-commissioned  officers 
as  being  in  distinct  classes  contributes  to  raising  the  quality 
of  their  service  and  of  their  training. 

During  the  war  it  has  been  impressed  very  strongly  upon 
our  attention  that  under  the  spell  of  a  nation  wide  unanimous 
purpose  our  young  men  were  so  strongly  motivated  that  they 
showed  powers  much  greater  than  we  had  supposed  them  to 
possess.  Every  young  man  had  an  abiding  fierce  determina- 
tion to  fight  the  Hun.  He  was  ready  and  willing  to  take  any 
discipline  or  do  anything  required  that  would  help  him  along 
the  line  of  his  determination.  When  he  saw  his  chance  in  the 
form  of  a  specific  task, — as  a  motor  mechanic,  an  aviator,  or 
a  radio  expert  he  took  the  essentials  of  that  specific  training 
with  most  astonishing  vim  and  rapidity. 

It  is  important  that,  as  educators,  we  should  see  the  mean- 
ing of  this  experience  in  true  perspective, — that  we  should 
not  draw  false,  or  unbalanced,  conclusions  from  it,  as  we 
attempt  to  apply  war  time  experience  to  times  of  peace.  We 
have  had  the  strictly  military  view  of  the  matter  presented 
to  us  very  fully  and  very  vigorously,  during  the  war,  and  at 
this  meeting. 

I  desire  to  raise  and  emphasize  three  broad  questions  aris- 
ing out  of  the  war  experience.  First,  In  the  next  ten  years 
in  our  colleges  of  engineering  will  the  successful  motivation 
of  our  students  be  a  military  motivation,  or  a  motivation  in 
some  other  line  ?  Second,  Is  it  possible  to  get  a  real  speeding 
up  in  the  education  of  engineers  in4ime  of  peace  that  shall 
correspond  to  that  which  was  secured  in  the  training  of  men 
for  specific  tasks  in  war  time  ?  Third,  Is  it  our  patriotic  duty 
to  train  all,  or  large  numbers,  of  our  students  to  be  military 
engineers?  Or  will  we  serve  the  nation  still  better  if  we 
educate  them  thoroughly  as  engineers  and  let  them  get  at 
college  or  in  camps  whatever  small  amount  of  the  essentials 
of  strictly  military  knowledge  experience  may  show  each  man 
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should  have, — ^but  get  it  without  interruption  of  their  engi- 
neering education  or  distortion  of  that  education. 

Our  young  men  under  the  spell  of  the  unanimous  determi- 
nation to  fight  the  Hun  had  an  extremely  strong  military 
motivation.  Did  that  motivation  show  a  sudden  lapse  when 
the  armistice  was  signed  ?  Are  the  young  men  now  in  college 
showing  the  intense  motivation  toward  military  occupations 
that  they  did  in  1917  and  1918?  Should  they  show  such  a 
motivation  now  if  they  see  things  rightly?  Is  the  task  now 
imminent  before  us  in  the  world  essentially  military, — or 
essentially  a  peace  task?  Consider  the  mental  attitude  of  the 
boys  now  in  college.  Do  they  take  to  military  training  with 
avidity?  Is  not  the  military  motivation  for  engineering  stu- 
dents largely  a  thing  of  the  past  ?  As  motivation  is  extremely 
important  to  our  success  as  educators  should  we  develop  a 
new  motivation  in  the  place  of  the  lost  military  motivation, — 
or  take  advantage  of  whatever  motivation  now  exists  in  nas- 
cent state  in  our  young  men  ?  A  frank  and  full  consideration 
of  these  queries  will  also  furnish  a  true  answer  to  that  first 
question,  which  was  ''Jn  the  next  ten  years,  in  our  colleges  of 
engineering,  will  the  successful  motivation  of  our  students  be 
a  military  motivation,  or  a  motivation  in  some  other  line?" 

Next,  Is  it  possible  to  get  a  real  speeding  up  in  the  educa- 
tion of  engineers  in  time  of  peace  that  shall  correspond  to  that 
which  was  secured  in  the  training  of  men  for  specific  tasks 
in  war  time?  Education  is  essentially  a  slower  process  than 
training.  The  more  specific  and  narrow  the  task  for  which  a 
man  is  to  be  training  the  more  quickly  he  may  be  trained. 
Each  piece  of  war  time  training  was  purposely  and  rightly 
made  as  specific  as  possible.  An  engineer  needs  an  education 
which  shall  fit  him  for  a  large  variety  of  somewhat  vague 
tasks.  To  train  a  man  to  do  things  at  once  thus  and  so, — is 
an  undertaking  which  lends  itself  readily  to  a  speeding  up. 
But  it  is  a  much  harder  task  and  one  which  is  essentially  much 
slower,  to  educate  a  man  so  that  he  will  think.  That  is  what 
we  must  do  for  our  future  engineers.  Let  us  keep  these  things 
in  mind,  and  apply  the  necessary  correction  factors,  when- 
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ever  it  is  tacitly  assumed,  or  openly  asserted,  that  the  war 
experience  in  training  for  specific  tasks  with  great  speed 
shows  that  we  may  educate  engineers  in  a  much  shorter  time 
than  we  have  in  the  past.  Of  course  we  can  do  better  than 
we  have  in  the  past, — but  education  cannot  be  speeded  up  to 
the  same  limit  as  special  training. 

In  discussions  as  to  possible  changes  in  our  educational 
system  one  tacit  assumption  frequently  made  is  that  it  is  our 
patriotic  duty  to  put  much  of  a  military  complexion  into  our 
training  of  engineers,  that  it  is  our  patriotic  duty  to  pay  con- 
siderable attention  to  military  engineering  in  the  training  of 
engineering  students.  I  challenge  that  assumption.  I  believe 
it  to  be  clearly  a  mistake  and  have  indicated  my  belief  in  the 
third  question, — '*Is  it  our  patriotic  duty  to  train  all,  or  large 
numbers  of  our  students  to  be  military  engineers?  Or  will 
we  serve  the  nation  still  better  if  we  educate  them  thoroughly 
as  engineers  and  let  them  get  at  college  or  in  camps  whatever 
small  amount  of  the  essentials  of  strictly  military  knowledge 
experience  may  show  each  man  should  have, — but  get  it  with- 
out interruption  or  distortion  of  their  engineering  education. ' ' 

In  the  war  just  ended  the  original  engineer  arm  of  the 
United  States  Army  was  increased  to  131.5  times  its  pre-war 
strength.  Eleven  per  cent,  of  our  total  force  was  made  up  of 
engineer  troops.  On  the  face  of  it  this  means  that  as  a  patri- 
otic duty  we  should  train  an  extremely  large  number  of  mili- 
tary engineers.  But  is  that  the  correct  conclusion?  The  ex- 
pansion was  made  by  taking  men  educated  for  engineering, 
and  with  experience  as  engineers  in  practice,  for  officers,  and 
using  for  the  rank  and  file  in  engineering  troops,  artisans  in 
engineering  lines  with  a  peace  time  occupation  similar  to  that 
which  was  to  be  theirs  in  war.  It  was  found  to  be  both  an 
easy  and  a  short  task  to  give  them,  the  officers  and  the  men, 
the  essentials  of  strictly  military  knowledge.  They  did  their 
war  work  well  and  promptly.  In  general  throughout  this 
war,  in  so  far  as  the  United  States  was  concerned,  the  greatest 
shortage  was  never  in  trained  officers  and  men.  It  was  in 
transportation  and  materials.     The  higher  the  development 
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of  engineering  in  peace  time  in  a  given  nation  the  more 
quickly  these  shortages  of  transportation  and  of  materials  can 
be  met.  Our  engineers  in  war  faced  the  same  problems  as 
they  had  been  accustomed  to  in  times  of  peace.  If  we  train 
our  future  engineers  to  solve  the  problems  of  peace  more 
thoroughly  we  will  be  doing  much  more  to  increase  their 
effectiveness  in  war  than  by  giving  them  in  advance  a  little 
smattering  of  so-called  military  engineering.  The  great  prin- 
ciples of  military  strategy  remain  the  same  throughout  all 
ages.  But  the  tools  and  the  tactical  methods  of  war  change 
each  generation  with  the  advance  of  applied  science  and  are 
conditioned  on  the  state  of  that  advance.  We  as  engineering 
educators  shall  contribute  more  to  the  national  welfare  by 
raising  the  state  of  the  art,  engineering,  than  we  can  in  any 
other  way. 

Jn  the  process  of  doing  our  best  for  engineering,  by  improv- 
ing engineering  education  while  we  hold  fast  to  that  which 
is  excellent  in  our  present  methods,  we  should  of  course  wel- 
come any  enrichment  of  courses  and  improvement  of  methods 
which  may  come  from  our  military  experience  or  our  mili- 
tary arms. 

Our  greatest  service  to  the  nation  will  be  to  do  our  best  to 
make  this  nation  foremost  in  engineering  in  time  of  peace, — 
and  therefore  foremost  in  military  engineering  in  time  of  war 
when,  and  if,  war  shall  come.  Our  service  will  be  of  the 
highest  type  if  there  is  ever  before  us  the  realization  that 
engineering  is  the  foundation  of  our  civilization, — if  we 
realize  that  we  make  a  better  superstructure  possible  when 
we  build  the  foundation  better, — if  we  realize  that  our  part  is 
ever  to  foster  a  better,  broader,  more  thorough  engineering 
education  than  has  ever  yet  been  given. 
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MINUTES  OF  THE  TWENTY-SEVENTH 
ANNUAL  MEETING. 

The  Johns  Hopkins  Univeksity,  Baltimore,  Md. 
June  25-28,  1919. 


The  twenty-seventh  annual  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  v^as  held  at  The  Johns 
Hopkins  University,  Baltimore,  Md.,  June  25  to  28,  1919.  The 
sessions  were  held  in  the  Mechanical  and  Electrical  Engineer- 
ing Building. 


MINUTES  OF  THE  REGULAR  SESSIONS. 
Wednesday,  June  25. 


Opening  Session. 

The  meeting  was  called  to  order  at  2 :  00  P.M.  by  President 
John  F.  Hayford,  Director  of  the  College  of  Engineering, 
Northwestern  University.  President  Frank  J.  Goodnow  of 
The  Johns  Hopkins  University  welcomed  the  Society  to  the 
University  and  President  Hayford  responded  for  the  Society. 

The  Special  Committee  appointed  to  make  a  study  of  the 
report  of  the  Joint  Committee  on  Engineering  Education  re- 
ported at  this  time  followed  by  two  papers  dealing  with  this 
subject:  ''Mental  Tests  for  Engineering  Students,"  by  L.  L. 
Thurstone,  and  ''Vocational  Intelligence  Examination  to  IV 
Year  M.  E.  Students,"  by  Wm.  T.  Magruder.  A  discussion 
followed. 
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The  President  announced  the  following  as  members  of  the 
Committee  on  Resolutions:  0.  M.  Leland,  chairman,  R.  S. 
King  and  W.  H.  Burger. 


Thursday,  June  26. 


Second  Session, 


The  meeting  was  called  to  order  at  9 :  30  with  President 
Hayford  in  the  chair.  A  list  of  seventeen  individual  and  one 
institutional  applicants,  which  had  been  approved  by  the 
Council,  was  favorably  acted  upon  by  the  Society. 

Professor  C.  F.  Allen  presented  a  paper  on  **The  Case  Sys- 
tem for  the  Study  of  Law ;  What  it  is,  and  its  Bearing  on  En- 
gineering Education."  Professor  A.  H.  Fuller  presented  the 
report  of  Committee  No.  15,  Civil  Engineering,  followed  by 
the  paper  on  "Effect  of  the  War  on  Engineering  Education" 
by  Dean  Anson  Marston. 

The  Committee  appointed  by  the  Council  to  consider  the 
desirability  of  encouraging  the  formation  of  sections  in  the 
Society  reported  as  follows : 

1.  That  the  Society  authorize  and  encourage  the  formation 
of  sections  in  cities,  states  or  other  geographic  divisions. 

2.  The  objects  of  these  sections  are  to  advance  the  ideals  and 
standards  of  engineering  education  and  to  increase  interest 
in  the  activities  of  the  S.  P.  E.  E. 

3.  Sections  may  be  formed  in  any  locality  by  temporary 
organizations  which  shall  become  duly  authorized  sections  of 
the  S.  P.  E.  E.  upon  approval  by  the  Council. 

4.  Sections  shall  not  expend  any  of  the  Society's  funds; 
they  shall  be  self  supporting. 

(signed)     J.  T.  Faig, 

W.  E.   MOTT, 

A.  A.  Potter,  Chairman, 

This  report  was  favorably  acted  upon  by  the  Society. 
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Third  Session. 

The  meeting  was  called  to  order  by  President  Hayford  at 
2:00  P.M.  Col,  F.  J.  Morrow  read  a  paper  on  "Military 
Training  in  Engineering  Schools."  In  the  absence  of  Presi- 
dent Charles  S.  Howe,  Chairman  of  the  Committee  of  this  So- 
ciety to  cooperate  with  the  Committee  on  Education  and 
Special  Training  in  this  work,  the  Secretary  read  the  report 
of  this  committee.  It  was  regularly  moved  and  carried  that 
this  Committee  be  enlarged  by  the  addition  of  two  more  mem- 
bers and  that  they  meet  with  the  Committee  on  Education  and 
Special  Training  in  Washington,  Monday,  June  30,  1919. 

Major  Harrison  Tilghman  read  a  paper  on  ''The  Coast 
Artillery  and  the  Reserve  Officers  Training  Corps."  The 
following  resolution  was  unanimously  adopted.  A  motion 
that  this  Society  present  to  Colonal  Morrow  and  to  Major 
Tilghman  and  the  other  officers  present  a  vote  of  thanks  and 
high  appreciation  for  the  papers  and  the  information  that  they 
had  given,  and  that  we  express  through  them  to  the  War  De- 
partment the  purpose  of  the  engineering  schools  of  this  coun- 
try to  do  all  they  can  to  back  up  the  movement  for  insuring 
the  preparedness  of  America  in  case  of  future  difficulties. 

Dean  E.  F.  Coddington  read  the  report  of  Committee  No.  8, 
Admission;  the  Secretary  read  the  report  of  Committee  No. 
11-A,  Physics,  in  the  absence  of  the  chairman.  Professor  G. 
W.  Stewart.  Professor  C.  W.  Park,  Miss  Sada  A.  Harbarger 
and  Professor  J.  Raleigh  Nelson  presented  the  report  of  Com- 
mittee No.  12,  English.  The  paper,  "The  Unconscious  Pla- 
giarist," by  G.  I.  Mitchell,  was  read  by  title.  Professor  0.  A. 
Leutwiler  presented  the  report  of  Committee  No.  16,  Mechan- 
ical Engineering.  Professor  George  W.  Case  presented  an 
illustrated  paper  on  "Teaching  Safety  in  Engineering 
Schools." 

The  report  of  Committee  No.  17,  Electrical  Engineering, 
was  read  by  title.  Professor  F.  W.  Sperr  presented  the  report 
of  Committee  No.  18,  Mining  Engineering,  and  President  John 
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T.  Faig  presented  the  report  of  Committee  No.  20,  Standard- 
ization of  Technical  Nomenclature. 


Friday,  June  27. 


Fourth  Session. 

The  meeting  was  called  to  order  at  9 :  30  with  President 
Hayford  in  the  chair.  Past-President  George  R.  Chatburn 
presented  a  paper,  ''  The  Society  for  the  Promotion  of  Engi- 
neering Education.  A  Survey  of  its  Past  and  a  Reconnaissance 
of  its  Future."  Dean  E.  0.  Leuschner  read  his  paper  on 
* '  Degrees, ' '  which  lead  to  the  motion  that  a  committee  of  five 
be  appointed  to  make  a  study  of  degrees. 

Excursions. 


Saturday,  June  28. 


Fifth  Session. 


The  meeting  was  called  to  order  by  President  Hayford  at 
9:00  A.M.  Professor  Edward  J.  Kunze  presented  a  paper, 
*'The  Vitalizing  Principles  in  Education."  In  the  absence 
of  Professor  0.  J.  Ferguson,  his  paper,  "  Vocational  Correla- 
tion," was  read  by  title.  The  treasurer,  Mr.  W.  0.  Wiley, 
presented  his  report  which  upon  motion  was  accepted.  The 
secretary  presented  his  report  and  upon  motion  it  was  ac- 
cepted and  to  be  printed  in  the  Proceedings  as  read. 

The  Committee  on  Resolutions  reported  as  follows: 

Whereas,  the  investigations  resulting  in  the  report  by  Dr. 
C.  R.  Mann,  entitled  ''  A  Study  of  Engineering  Education," 
constitute  a  most  valuable  contribution  to  the  work  which  it  is 
the  object  of  this  Society  to  promote,  therefore,  be  it 
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Resolved,  that  the  thanks  of  this  Society  are  due  the  Car- 
negie Foundation  for  the  Advancement  of  Teaching  for  its 
generosity  in  providing  the  means  of  carrying  on  the  investi- 
gations and  publishing  the  report;  to  the  president  and  di- 
rectors of  the  Foundation  for  their  personal  interest  and 
cooperation;  and  to  Dr.  Mann  for  his  masterly  and  compre- 
hensive treatment  of  the  subjects  considered ;  and  further  be  it 

Resolved,  that  this  Society  expresses  its  appreciation  of 
the  assistance  of  the  other  national  societies  represented  on 
the  Joint  Committee  for  the  prosecution  of  this  work,  namely, 
the  American  Society  of  Civil  Engineers,  the  American  So- 
ciety of  Mechanical  Engineers,  the  American  Institute  of 
Electrical  Engineers,  the  American  Chemical  Society,  the 
American  Institute  of  Chemical  Engineers,  and  the  American 
Institute  of  Mining  Engineers,  and  further  be  it 

Resolved,  that  the  Secretary  of  this  Society  transmit  to  the 
above  organizations  and  to  Mr.  Andrew  Carnegie  copies  of 
these  resolutions. 

Resolved,  that  the  cordial  thanks  of  the  Society  be  ex- 
tended to  the  President,  the  members  of  the  several  local 
committees,  and  the  ladies  of  The  Johns  Hopkins  University 
for  the  hearty  welcome  and  courteous  and  kindly  treatment 
which  have  been  accorded  the  members  of  the  Society ;  and  for 
the  use  of  the  buildings  and  accommodations  which  have  been 
such  a  factor  in  making  this  meeting  so  pleasant  and  prof- 
itable ;  further  be  it 

Resolved,  that  the  Secretary  be  instructed  to  convey  to  the 
officers  of  the  Baltimore  Country  Club  the  appreciation  of  the 
Society  for  their  hospitality  in  extending  the  courtesies  of  the 
Club ;  further  be  it 

Resolved,  that  the  thanks  of  the  Society  be  transmitted 
to  the  Superintendent  of  the  United  States  Naval  Academy 
for  the  entertainment  of  the  Society  at  Annapolis,  and  further 
be  it 

Resolved,  that  the  Society  thanks  those  officers  of  the  United 
States  Army  who,  in  the  pressure  of  official  duties,  took  the 
time  to  be  present  at  this  meeting,  in  order  to  furnish  infor- 
mation concerning  subjects  which  are  of  such  great  moment 
to  the  work  of  the  engineering  colleges  at  the  present  time. 

The  Nominating  Committee  reported  as  follows : 
For  officers  to  serve  one  year: 

19 


MINUTES  OF  TWENTY-SIXTH  ANNUAL  MEETING. 

For  President:  Arthur  M.  Greene,  Jr.,  Rensselaer  Polytech- 
nic Institute. 

For  Vice-Presidents:  A.  A.  Potter,  Kansas  State  Agricul- 
tural College,  F.  P.  McKibben,  Union  College. 

For  Secretary:  F.  L.  Bishop,  University  of  Pittsburgh. 

For  Treasurer:  W.  0.  Wiley,  New  York  City. 

For  members  of  the  Council  to  serve  for  three  years:  H.  S. 
Boardman,  University  of  Maine;  F.  C.  Bolton,  Agricultural 
and  Mechanical  College  of  Texas ;  E.  F.  Coddington,  The  Ohio 
State  University;  W.  H.  Kavanaugh,  University  of  Pennsyl- 
vania; C.  C.  More,  University  of  Washington;  E.  H.  Rock- 
well, Tufts  College ;  W.  S.  Rodman,  University  of  Virginia. 

On  motion,  the  Secretary  was  instructed  to  cast  a  unanimous 
ballot  in  favor  of  all  the  above  candidates. 

President  Ira  N.  HoUis  read  his  paper,  ''Engineering  Col- 
leges and  their  Administration. ' '  The  resolution  proposed  in 
the  report  of  the  secretary  that  ''a  standing  joint  committee 
should  be  provided  to  coordinate  the  educational  activities  of 
the  engineering  societies  with  this  Society,  thus  preventing 
useless  duplication  and  at  the  same  time  bringing  this  Society 
in  contact  in  the  best  possible  manner  with  technical  societies ' ' 
was  adopted.  Dean  Gardner  C.  Anthony  read  his  paper, 
''The  New  Course  at  Tufts  College,"  followed  by  Dean  J.  R. 
Benton,  Dean  A.  A.  Potter,  Professor  J.  C.  Tracy,  Professor 
F.  C.  Bolton,  Major  C.  C.  More.  In  the  absence  of  Professor 
R.  M.  Bird,  the  Secretary  read  the  report  of  Committee  No. 
11-B,  Chemistry.  Professor  0.  H.  Basquin  presented  the 
report  of  Committee  No.  13,  Mechanics  and  Hydraulics,  and 
Professor  C.  C.  Williams  the  report  of  Committee  No.  14, 
Economics.  Professor  Collins  P.  Bliss  presented  his  paper, 
"Visual  Industrial  Course."  President  Hayford  introduced 
the  new  president,  Arthur  M.  Greene,  Jr.,  who  graciously  ac- 
cepted the  office.    The  convention  then  adjourned  sme  die. 
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MINUTES  OF  COUNCIL  MEETINGS  HELD 
JUNE  25,  26  AND  28,  1919. 

Meetings  of  the  Council  were  held  on  June  25,  26  and  28. 
Members  who  attended  one  or  more  meetings  were:  C.  F. 
Allen,  Gardner  C.  Anthony,  F.  L.  Bishop,  A.  H.  Blanchard, 
Wm.  Hand  Browne,  George  R.  Chatburn,  John  T.  Faig,  John 
F.  Hayford,  Dugald  C.  Jackson,  0.  A.  Leutwiler,  Wm.  T. 
Magruder,  W.  E.  Mott,  E.  J.  McCaustland,  F.  W.  McNair,  J. 
Raleigh  Nelson,  A.  A.  Potter,  T.  U.  Taylor,  C.  J.  Tilden  and 
W.  0.  Wiley. 

The  motions  passed  were  as  follows : 

1.  That  the  invitation  of  the  St.  Louis  Chamber  of  Com- 
merce to  hold  the  next  meeting  of  the  Society  in  St.  Louis  on 
May  24  to  27,  1920,  not  be  accepted  due  to  the  fact  that  the 
time  set  is  impracticable  for  the  majority  of  institutions. 

2.  That  the  Secretary  investigate  the  subject  of  associate 
editors  in  connection  with  the  Bulletin  of  the  Society,  and 
report  at  the  next  meeting. 

3.  That  it  is  the  policy  of  the  Society  that  only  members  of 
the  Society  be  appointed  to  serve  on  committees. 

4.  That  a  committee  of  Council  be  appointed  to  take  up  the 
subjects  of  sections  in  the  Society  and  report.  This  committee 
reported  as  follows : 

The  Committee  appointed  by  the  Council  to  consider  the  de- 
sirability of  encouraging  the  formation  of  sections,  begs  to 
report  as  follows: 

1.  That  th€  Society  authorize  and  encourage  the  formation 
of  sections  in  cities,  states  or  other  geographic  divisions. 

2.  The  objects  of  these  sections  are  to  advance  the  ideals 
and  standards  of  engineering  education  and  to  increase  in- 
terest in  the  activities  of  the  Society  for  the  Promotion  of 
Engineering  Education. 

3.  Sections  may  be  formed  in  any  locality  by  temporary 
organizations  which  shall  become  duly  authorized  sections  of 
the  Society  for  the  Promotion  of  Engineering  Education  upon 
approval  by  the  Council. 
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4.  Sections  shall  not  expend  any  of  the  Society's  funds; 
they  shall  be  self-supporting. 

Respectfully  submitted, 

J.  T.  Faig, 

W.    E.    MOTT, 

A.  A.  Potter. 

This  report  was  presented  to  the  members  at  the  meeting 
Thursday  and  adopted. 

5.  That  the  institutional  delegate  from  each  institution  be 
appointed  by  the  Council  as  a  special  delegate  from  his  insti- 
tution to  see  to  the  increase  of  membership  during  the  coming 
year. 

6.  That  the  Council  appoint  and  request  a  member  from 
each  institution  having  members  in  the  Society,  to  see  to  the 
increase  of  membership  during  the  coming  year. 

7.  That  the  next  meeting  of  the  Society  be  held  in  an  insti- 
tution in  the  Middle  West  in  June,  the  place  to  be  decided  by 
the  Council. 

8.  That  three  members  of  the  Society  be  elected  to  represent 
the  Society  on  the  American  Council  on  Education.  The  fol- 
lowing were  elected : 

C.  R.  Mann,  to  serve  for  one  year  ; 
F.  W.  McNair,  to  serve  for  two  years ; 
F.  L.  Bishop,  to  serve  for  three  years. 

9.  That  a  committee  be  appointed  to  study  the  bill  relating 
to  the  loaning  of  equipment  owned  by  the  War  Department 
to  educational  institutions  and  report  to  the  Council.  The 
following  resolution  was  presented  and  upon  motion  adopted 
and  the  Secretary  instructed  to  send  a  copy  to  the  author,  Mr. 
Caldwell,  who  introduced  H.  R.  3142  into  the  66th  Congress, 
May  26,  1919 : 

The  Council  of  the  Society  for  the  Promotion  of  Engineer- 
ing Education  believes  it  desirable  that  machine  tools  and 
scientific  equipment  owned  by  the  War  Department,  not  in 
use  for  Government  purposes,  be  used  for  increasing  the  edu- 
cational facilities  of  trade  and  technical  schools,  colleges  and 
universities.    It  believes  also  that  such  tools  and  equipment 
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can  be  made  most  useful  by  outright  sale  to  the  institutions  at 
nominal  prices,  instead  of  by  loans,  for  the  reason  that  loans 
will  introduce  administrative  difficulties  on  the  part  of  the 
Government  and  institutions,  which  will  place  an  unnecessary 
financial  burden  on  both.  Institutions  obtaining  machine  tools 
and  scientific  equipment  from  the  Government  at  nominal 
prices  should  obligate  themselves  not  to  sell  these  for  a  period 
of  at  least  seven  years  from  date  of  sale. 

(signed)     Dugald  C.  Jackson, 
A.  A.  Potter, 
E.  J.  McCausland, 
J.  T.  Faig. 

10.  That  the  report  of  the  treasurer  be  accepted  and  recom- 
mended to  the  meeting  for  adoption. 

11.  Following  the  recommendation  of  the  Treasurer,  Mr. 
Wiley,  the  following  action  was  taken : 

That  the  Secretary's  office  take  over  the  collection  of  dues 
this  year,  and  the  other  recommendations  from  Mr.  Wiley  be 
carried  out  as  soon  as  possible. 

12.  The  following  applicants  were  recommended  to  the  So- 
ciety for  election : 

Abbott,   Robinson;  Baker,   Ray  Palmer;   Burbank,   Colby 
Lewis ;  Frey,  George  John ;  Gregg,  John  M. ;  Hill,  A.  S. ;  Jen- 
kins, A.  L. ;  June,  Henry  Norton ;  Mann,  Horace  Tharp ;  Rey- 
bold,    Eugene;    Roberts,    Emerson;    Seavey,    Frank    Elias 
Shank,  Jacob  Ralph ;  Sheehan,  Thomas  W. ;  Thurston,  L.  L. 
Tilghman,   Harrison;  Watt,  Homer  A.;  Weaver,   Rudolph 
Williams,  J.  P.  J. ;  The  Harvard  Engineering  School,  Har- 
vard University,  Cambridge,  Mass. ;  The  University  of  Texas, 
Austin,  Tex.  ^ 

13.  The  following  budget  of  income  and  expense  for  the 
coming  year  was  reported  by  the  Executive  Committee  and 
adopted  by  the  Council : 

Estimated  Receipts. 

From  current  dues,  individual $5,252.00 

From  current  dues,  institutional   700.00 
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From  back  dues  700.00 

From  advertising  1,000.00 

From  sale  of  publications  250.00 

Estimated  receipts $7,902.00 

Estimated  Expense. 

A.  Baltimore  meeting    (1919)    $300.00 

B.  Proceedings,  Vol.  27 1,200.00 

C.  Engineering  Education,  Vol.  X 1,600.00 

D.  Committee  Expenses   150.00 

E.  Treasurer 's  honorarium    300.00 

F.  Secretary 's  honorarium 1,000.00 

H.  Clerical  assistant   1,200.00 

I.     Sundry  printing 250.00 

J.     Postage  and  expressage  275.00 

K.     Telephone  and  telegraph 50.00 

F.     Office  supplies   125.00  $6,450.00 

Estimated  surplus   7777777 $1,452.00 

The  Officers  elected  for  1919-20  are : 

President:  Arthur  M.  Greene,  Jr.,  Rensselaer  Polytechnic 
Institute,  Troy,  N.  Y. 

Vice-Presidents:  A.  A.  Potter,  Kansas  State  Agricultural 
College,  Manhattan,  Kans. ;  F.  P.  McKibben,  Union  College, 
Schenectady,  N.  Y. 

Treasurer:  W.  0.  Wiley,  432  Fourth  Avenue,  New  York, 
N.  Y. 

Secretary:  F.  L.  Bishop,  University  of  Pittsburgh,  Pitts- 
burgh, Pa. 

Members  of  the  Council  to  serve  for  three  years  {1919- 
1922) :  H.  S.  Boardman,  University  of  Maine,  Orono,  Me. ; 
F.  C.  Bolton,  A.  &  M.  College  of  Texas,  College  Station,  Tex. ; 
E.  F.  Coddington,  The  Ohio  State  University,  Columbus,  0. ; 
W.  H.  Kavanaugh,  University  of  Pennsylvania,  Philadelphia, 
Pa.;  C.  C.  More,  University  of  Washington,  Seattle,  Wash.; 
E.  H.  Rockwell,  Tufts  College,  Tufts  College,  Mass.;  W.  S. 
Rodman,  University  of  Virginia,  University,  Va. 
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EDITORIAL. 

One  of  the  most  urgent  demands  of  the  present  hour  is  for 
the  same  thing  which  made  the  war  a  success  to  the  allies :  co- 
operation. The  requirements  of  the  strenuous  war  period  to 
which  we  acceded  with  good  grace  are  just  as  necessary  to-day 
when  the  world  seems  upsidedown  with  each  grasping  for  the 
greatest  personal  gain.  If  the  great  tangle  in  the  industrial 
world  is  to  be  straightened  out  the  same  spirit  of  cooperation 
must  be  continued  and  a  sane  view  must  be  taken  by  each 
person. 

This  spirit  of  cooperation  should  exist  between  our  organ- 
ization as  teachers  or  those  interested  in  education  and  the 
consumers  of  our  product,  the  manufacturers  and  industrial 
managers.  Indeed  one  of  the  objects  in  bringing  into  our 
Society  the  business  man  and  the  engineer  as  well  as  the  teacher 
was  to  have  cooperation  between  those  who  train  the  student 
engineer,  those  who  guide  the  post-graduate  and  those  who 
employ  him. 

Should  we  not  endeavor  to  sound  each  other  and  find  out  if 
we  can  cooperate  more  fully  than  in  the  past  ?  Can  we  not  try 
to  obtain  the  viewpoint  of  each  other  and  thus  see  why  we  do 
not  always  agree  ?  There  are  demands  made  on  the  schools  to 
specialize  more  by  those  who  have  forgotten  the  importance  of 
their  early  training  in  the  underlying  principles.  They  re- 
member only  the  importance  of  their  special  work,  arrived  at 
after  training  in  the  fundamentals.  A  word  from  the  teacher 
may  clear  this  matter.  The  engineering  teacher  does  not  see 
the  importance  of  social  science  or  business  methods  of  a  fun- 
damental nature.  A  discussion  by  the  manager  will  make  this 
evident. 

May  we  not  have  some  expressions  of  viewpoints,  of  needs, 
of  fallacies  as  they  appear  to  us  ?  These  are  to  be  made  not  in 
the  spirit  of  destructive  criticism  but  for  constructive  co- 
operation. Arthur  M.  Greene,  Jr., 

Preside7it. 
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BY  A.  A.  POTTER, 

Vice-President  and  Chairman  of  Sections  Committee. 

At  the  Baltimore  meeting  of  the  S.  P.  E.  E.  the  Society 
voted — 

1.  That  the  Society  authorize  and  encourage  the  formation 
of  sections  in  cities,  states  or  other  geographic  divisions. 

2.  The  objects  of  these  sections  are  to  advance  the  ideals  and 
standards  of  engineering  education  and  to  increase  interest  in 
the  activities  of  the  S.  P.  E.  E. 

3.  Sections  may  be  formed  in  any  locality  by  temporary 
organizations  v^hich  shall  become  duly  authorized  sections  of 
the  S.  P.  E.  E.  upon  approval  by  the  Council. 

4.  Sections  shall  not  expend  any  of  the  Society's  funds; 
they  shall  be  self-supporting. 

J.  T.  Faig, 

W.  E.  MOTT, 

A.  A.  Potter, 
Committee. 

The  institutional  delegates  v^^ere  requested  to  aid  in  the 
formation  of  sections  in  their  localities,  and  in  accordance 
v^ith  the  above  action  of  the  Society. 

It  is  the  intention  of  the  Society  to  encourage  attendance 
at  the  sectional  meetings  of  all  persons  interested  in  engineer- 
ing education;  including  members  of  the  S.  P.  E.  E.,  as  well 
as  non-members,  engineering  teachers,  teachers  of  non-engi- 
neering subjects,  engineering  practitioners,  and  people  con- 
nected in  any  capacity  with  the  industries  as  well  as  with 
various  types  of  educational  institutions. 

Meetings  of  the  sections  should  be  held  quarterly  or,  pref- 
erably, monthly.    When  convenient  these  meetings  should  be 
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held  in  conjunction  with  other  engineering  or  educational 
organizations.  As  an  illustration,  the  meetings  of  the  S.  P. 
E.  E.  Section  for  the  State  of  Ohio  would  be  held  one  time  in 
Columbus  immediately  preceding  or  following  the  Annual 
Meeting  of  the  Ohio  Engineering  Society.  Another  meeting 
of  the  Ohio  Section  may  be  held  at  Cleveland  in  connection 
with  some  important  meeting  of  the  Cleveland  Engineering 
Society,  etc. 

The  following  advantages  will  result  from  the  sectional 
meetings  of  the  S.  P.  E.  E.: 

1.  Opportunities  will  be  offered  for  engineering  teachers  to 
become  acquainted,  under  favorable  circumstances,  with  men 
they  ought  to  know. 

2.  The  efficiency  of  engineering  instruction  will  be  increased 
through  the  mutual  interchange  of  ideas  and  by  the  discussion 
of  engineering  education.  Reviews  and  discussions  of  the  So- 
ciety's publications,  as  well  as  educational  articles  of  other 
organizations,  will  tend  to  extend  the  horizons  of  the  expe- 
rience of  those  in  attendance,  while  arousing  their  interest  in 
improving  the  standards  of  engineering  education. 

3.  Teachers  will  become  familiar  with  the  problems  con- 
fronting other  educational  institutions  and  this  should  result 
in  fostering  greater  cooperation  among  institutions  in  the  same 
locality. 

4.  The  sectional  meetings  will  increase  the  influence  of  the 
S.  P.  E.  E.  by  making  larger  numbers  familiar  with  the  So- 
ciety's aims  and  standards.  This  should  result  indirectly  in 
bringing  into  the  membership  of  the  Society  all  those  who  are 
keenly  interested  in  the  greatest  development  of  the  engineer- 
ing profession. 

Those  who  are  attending  regularly  the  annual  meetings  of 
the  S.  P.  E.  E.  feel  that  the  inspiration  which  they  receive 
every  time  is  of  the  greatest  value  to  them  in  their  work.  Un- 
fortunately, only  a  small  percentage  of  the  members  can  avail 
themselves  of  the  stimulus  resulting  from  the  attendance  at 
such  meetings.     The  organization  of  sections  will  bring  all 
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engineering  teachers  in  closer  touch  with  the  problems  con- 
fronting engineering  education. 

It  is  hoped  that  sections  will  be  started  without  delay  in 
several  localities.  The  mode  of  procedure  is  to  call  an  organ- 
ization meeting  and  have  all  those  attending  sign  a  petition 
to  the  Council  of  the  S.  P.  E.  E.  At  the  same  time  temporary 
officers  are  chosen  to  have  charge  of  the  section's  activities. 
The  petition  is  forwarded  to  Dean  F.  L.  Bishop,  University  of 
Pittsburgh,  Pittsburgh,  Pa.,  the  Secretary  of  the  Society,  who 
will  transmit  the  petition  to  the  Council  for  approval. 


INSTITUTIONAL  DELEGATES  OF  THE  SOCIETY.* 

A.  A.  Potter,  Chairman,  Kansas  State  Agricultural  College, 

Manhattan,  Kans. 
A.  F.  Barnes,  New  Mexico  A.  &  M.  College,  State  College,  N.  M. 
F.  L.  Bishop,  University  of  Pittsburgh,  Pittsburgh,  Pa. 
H.  S.  Boardman,  University  of  Maine,  Orono,  Maine. 

F.  C.  Bolton,  A.  &  M.  College  of  Texas,  College  Station,  Tex. 
W.  H.  Burger,  Northwestern  University,  Evanston,  111. 

G.  M.  Butler,  University  of  Arizona,  Tucson,  Ariz. 

G.  A.  Covell,  Oregon  Agricultural  College,  Corvallis,  Ore. 

F.  T.  Dargan,  Clemson  College,  Clemson  College,  S.  C. 

H.  L.  Dodge,  State  University  of  Iowa,  Iowa  City,  Iowa. 

H.  S.  Drinker,  Lehigh  University,  Bethlehem,  Pa. 

S.  B.  Earle,  Clemson  College,  Clemson  College,  S.  C. 

John  T.  Faig,  Ohio  Mechanics  Institute,  Cincinnati,  Ohio. 

J.  H.  Felgar,  University  of  Oklahoma,  Norman,  Okla. 

A.  H.  Fuller,  Lafayette  College,  Easton,  Pa. 

L.  A.  Hazeltine,  Stevens  Institute  of  Technology,  Hoboken, 

N.  J. 
A.  Lewis  Jenkins,  University  of  Cincinnati,  Cincinnati,  Ohio. 
W.  H.  Kavanaugh,  University  of  Pennsylvania,  Philadelphia, 

Penna. 
R.  S.  King,  Georgia  School  of  Technology,  Atlanta,  Ga. 
A.  S.  Langsdorf,  Washington  University,  St.  Louis,  Mo. 
A.  0.  Leuschner,  University  of  California,  Berkeley,  Calif. 
E.  J.  McCaustland,  University  of  Missouri,  Columbia,  Mo. 
P.  W.  McNair,  Michigan  College  of  Mines,  Houghton,  Mich. 
Anson  Marston,  Iowa  State  College,  Ames,  Iowa. 
Chas.  C.  More,  University  of  Washington,  Seattle,  Wash. 
J.  R.  Nelson,  University  of  Michigan,  Ann  Arbor,  Mich. 

*  This  list  is  of  September  1st.    It  will  be  completed  for  the  October 
number. 
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H.  N.  Ogden,  Cornell  University,  Ithaca,  N.  Y. 

A.  A.  Potter,  Kansas  State  Agricultural  College,  Manhattan, 

Kans. 
N.  C.  Riggs,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 
Max  B.  Robinson,  University  of  Akron,  Akron,  Ohio. 
E.  H.  Rockwell,  Tufts  College,  Tufts  College,  Mass. 
W.  S.  Rodman,  University  of  Virginia,  University,  Va. 
H.  B.  Shaw,  Doherty  Training  Schools,  Toledo,  Ohio. 
C.  H.  Snow,  New  York  University,  New  York,  N.  Y. 
W.  E.  Stone,  Purdue  University,  LaFayette,  Ind. 
0.  V.  P.  Stout,  University  of  Nebraska,  Lincoln,  Nebr. 
T.  U.  Taylor,  University  of  Texas,  University,  Texas. 
R.  G.  Thomas,  The  Citadel,  Charleston,  S.  C. 
A.  A.  Titsworth,  Rutgers  College,  New  Brunswick,  N.  J. 
John  C.  Tracy,  Sheffield  Scientific  School  of  Yale  University, 

New  Haven,  Conn. 
J.  W.  Votey,  University  of  Vermont,  Burlington,  Vt. 
P.  F.  Walker,  University  of  Kansas,  Lawrence,  Kans. 

COMMITTEES  OF  THE  SOCIETY. 

A  large  part  of  the  work  of  the  Society  is  conducted  by 
committees  under  the  direction  of  a  Committee  on  Committees 
and  their  work  for  the  year  1919-20  are : 

1.  Executive  Committee:  Arthur  M.  Greene,  Jr.,  W.  0. 
Wiley  and  F.  L.  Bishop. 

2.  Publication  Committee:  Arthur  M.  Greene,  Jr.,  W.  0. 
Wiley  and  F.  L.  Bishop. 

3.  Program  Committee :  Arthur  M.  Greene,  Jr.,  A.  A.  Pot- 
ter, F.  P.  McKibben,  W.  0.  Wiley  and  F.  L.  Bishop. 

Committees  Nos.  1,  2  and  3  have  their  work  defined  by  the 
By-Laws  of  the  Society. 

4.  Committee  on  Committees:  Arthur  M.  Greene,  Jr.,  W.  0. 
Wiley,  A.  A.  Potter,  F.  P.  McKibben,  Henry  S.  Jacoby,  C.  R. 
Mann  and  F.  L.  Bishop. 

7.  Institutional  Committee:  A.  A.  Potter,  Chairman,  A.  F. 
Barnes,  F.  L.  Bishop,  H.  S.  Boardman,  F.  C.  Bolton,  G.  M. 

SO 
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Butler,  G.  A.  Covell,  F.  T.  Dargan,  H.  L.  Dodge,  H.  S. 
Drinker,  S.  B.  Earle,  John  T.  Faig,  J.  H.  Felgar,  A.  H.  Fuller, 
L.  A.  Hazeltine,  A.  Lewis  Jenkins,  W.  H.  Kavanaugh,  R.  S. 
King,  A.  S.  Langsdorf,  A.  0.  Leuschner,  E.  J,  McCaustland, 
F.  W.  McNair,  Anson  Marston,  Chas.  C.  More,  T.  R.  Nelson, 
H.  N.  Ogden,  N.  C.  Riggs,  Max  B.  Robinson,  E.  H.  Rockwell, 
W.  S.  Rodman,  H.  B.  Shaw,  C.  H.  Snow,  W.  E.  Stone,  0.  V. 
P.  Stout,  T.  U.  Taylor,  R.  G.  Thomas,  A.  A.  Titsworth,  John 
C.  Tracy,  J.  W.  Votey,  P.  F.  Walker. 

To  bring  the  policies  of  the  Society  to  the  attention  of  the 
executives  and  other  teachers  in  their  institutions  and  to  rep- 
resent the  Society  at  the  institutions. 

8.  Committee  on  Admission;  A.  A.  Potter,  Chairman,  J. 
W.  Hallock,  C.  E.  Magnusson  and  C.  M.  Wirick. 

Study  of  the  methods  of  admission  to  engineering  schools 
including  European  schools. 

9.  Committee  on  Administration:  F.  P.  McKibben,  Chair- 
man, W.  G.  Raymond,  John  T.  Faig. 

10.  Committee  on  Mathematics:  L.  C.  Plant,  Chairman,  E. 
R.  Hedrick  and  C.  E.  Comstock. 

Cooperate  with  the  American  Mathematical  Association. 

11-A.  Committee  on  Physics:  G.  W.  Stewart,  Chairman, 
F.  K.  Richtmyer,  Barry  MacNutt  and  H.  H.  Higbie. 

Study  of  the  first  course  in  Physics. 

11-B.  Joint  Committee  on  Chemistry :  R.  M.  Bird,  Chairman. 

American  Chemical  Society:  H.  P.  Talbot,  S.  W.  Parr  and 
R.  H.  McKee. 

Society  for  the  Promotion  of  Engineering  Education:  R. 
M.  Bird,  J.  H.  James  and  J.  R.  Withrow. 

12.  Committee  on  English:  C.  W.  ^ark.  Chairman,  J.  R. 
Nelson,  Sada  Harbarger  and  Frank  Aydelotte. 

Continue  the  study  of  the  present  status  of  the  teaching  of 
English  to  engineers. 

13.  Committee  on  Mechanics  and  Hydraulics:  0.  H.  Bas- 
quin.  Chairman,  J.  E.  Boyd,  C.  H.  Burnside,  H.  F.  Moore  and 
C.  I.  Corp. 
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The  main  objectives  in  teaching  these  subjects. 

14.  Committee  on  Economics:  C.  C.  Williams,  Chairman, 
A.  B.  McDaniel,  P.  F.  Walker,  J.  W.  Dietz  and  E.  B.  Paine. 

Work  defined  by  Committee. 

15.  Committee  on  Civil  Engineering:  A.  H.  Fuller,  Chair- 
man, W.  C.  Huntington,  H.  J.  Burt,  C.  T.  Morris  and  J.  Ham- 
mond Smith. 

Methods  and  details  of  teaching  structural  design. 

16.  Committee  on  Mechanical  Engineering:  W.  W.  Bird, 
Chairman,  B.  W.  Benedict,  W.  W.  Carlson,  H.  Wade  Hibbard, 
A.  Lewis  Jenkins  and  A.  L.  Williston. 

Methods  of  teaching  shop  work. 

17.  Committee  on  Electrical  Engineering:  C.  F.  Harding, 
Chairman,  0.  J.  Ferguson,  Alexander  Gray,  H.  E.  Dyche,  F. 
T.  Dargan,  E.  J.  Berg  and  H.  B.  Shaw. 

A  study  of  the  present  practice  in  regard  to  the  teaching 
of  direct  currents  and  alternating  currents  versus  the  teaching 
of  the  electrical  currents. 

18.  Committee  on  Mining  Engineering :  F.  W.  Sperr,  Chair- 
man, E.  A.  Holbrook,  J.  B.  Porter,  H.  H.  Stock  and  F.  A. 
Thomson. 

Continue  present  investigations. 

20.  Committee  on  the  Standardization  of  Technical  Nomen- 
clature: John  T.  Faig,  Chairman,  W.  D.  Ennis,  F.  N.  Ray- 
mond, Chas.  Warren  Hunt  and  S.  E.  Moss. 

21.  Committee  on  E.  O.  T.  C. :  Charles  S.  Howe,  Chairman, 
C.  Russ  Richards,  F.  P.  McKibben,  A.  E.  Burton,  W.  M. 
Thornton,  A.  L.  Williston,  F.  L.  Bishop. 

To  cooperate  with  the  War  Department. 

22.  Committee  on  Intelligence  Tests:  L.  L.  Thurston, 
Chairman,  Wm.  T.  Magruder,  Anson  Marston,  Dugald  C. 
Jackson  and  C.  R.  Dooley. 

23.  Committee  to  Cooperate  with  the  American  Society  of 
Mechanical  Engineers :  C.  L.  Mees,  Chairman,  A.  B.  McDaniel, 
W.  S.  Rodman,  E.  S.  Fessenden  and  L.  M.  Defoe. 
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ENGINEERING  COLLEGES  AND  ADMIN- 
ISTRATION. 

BY  IRA  N.  HOLLIS, 
President,  Worcester  Polytechnic  Institute. 

It  is  difficult  to  write  anything  new  on  college  administra- 
tion. A  list  of  papers  that  have  appeared  in  our  journal 
seems  to  indicate  that  the  subject  is  threadbare.  Most  of  our 
colleges  have  taken  their  own  way,  usually  along  the  lines  of 
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least  resistance,  without  much  agreement  as  to  methods.  A 
committee  of  the  society  was  formed  either  to  study  admin- 
istration or  to  write  on  the  subject,  but  up  to  this  time  little 
has  been  done.  Perhaps  the  subject  is  too  complex  for  any 
generalization.  Education  is  not  like  a  manufactured  article. 
It  cannot  be  standardized  without  losing  its  soul.  The  suc- 
cess of  an  institution  of  learning  is  so  much  dependent  upon 
other  things  than  administration  that  it  seems  on  the  whole 
wise  to  <Jouple  that  subject  with  the  whole  general  question 
of  preparation  for  the  engineering  profession. 

Education  is  after  all  too  much  a  question  of  the  personality 
and  the  motive  of  the  teacher  to  submit  itself  to  well-defined 
rules,  applicable  to  all  cases.  What  is  education?  We  can 
easily  look  up  the  definition  in  some  dictionary,  but  is  that 
enough  ?  We  must  know  what  we  are  talking  about  and  agree 
upon  the  end  to  which  the  education  is  directed  before  we 
can  begin  to  discuss  administration.  That  is  my  reason  for 
associating  the  whole  general  problem  of  engineering  schools 
with  the  conduct  of  their  business  and  with  the  administra- 
tion necessary  to  carry  it  out. 

It  is  also  worth  while  to  define  college  administration. 
Heretofore  everything  outside  of  the  recitation  room  or  of  the 
preparation  of  lectures  has  been  called  administration.  One 
of  my  amusing  experiences  was  in  connection  with  a  very 
young  colored  man  who  told  me  he  was  in  the  administration, 
when  his  job  was  simply  helping  to  copy  off  marks  and  to  dis- 
tribute them.  As  a  matter  of  fact  all  the  business  of  a  uni- 
versity or  college  is  administration.  The  organization  of  the 
faculty  and  the  graduation  of  the  classes  year  after  year  all 
become  matters  of  sj-stem  especially  where  the  work  involves 
some  responsibility  and  decision.  In  this  paper  I  am  using 
the  word  to  mean  everything  outside  of  actual  teaching; 
everything  that  interferes  with  the  teacher's  giving  his  entire 
time  to  study  and  to  the  preparation  of  lectures ;  everything 
that  modifies  in  any  way  the  companionship  of  a  teacher  with 
his  students.     The  business  function  extends  therefore  from 
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the  trustees,  through  the  faculty  and  committees,  to  the 
handing  out  of  marks  and  degrees  but  never  crosses  the  line 
of  the  professor's  real  job,  viz.,  to  turn  boys  into  good  citizens 
well  able  to  do  the  work  of  the  world. 

I  have  referred  to  the  word  education  and  I  believe  the  best 
conception  of  it  in  an  engineering  school  is  to  treat  it  as  the 
process  of  teaching  a  boy  the  habit  of  work  and  a  habit  of 
thought  in  conformity  with  the  times,  or  in  some  cases,  in 
advance  of  the  times.  The  main  thing  to  be  considered  about 
education,  however,  is  that  it  is  not  confined  to  the  four  years 
of  college  life  which  at  best  is  only  an  oasis  in  the  years  of 
three  score  and  ten.  We  all  know  that  an  engineer's  train- 
ing does  not  end  with  his  degree.  That  forms  only  the  com- 
mencement, and  yet  we  rarely  live  up  to  our  knowledge  of 
this  plain  truth;  for  we  generally  shape  the  four  years  of 
study  as  if  the  young  graduate  were  going  to  enter  at  once 
upon  his  practice  as  a  full-fledged  consulting  engineer.  Our 
Society  has  not  had  the  influence  upon  education  that  it  de- 
serves and  that  it  might  have  had  under  a  more  definite  and 
outspoken  program. 

Few  engineering  schools  have  ever  had  the  courage  to  take 
the  plunge  into  a  curriculum  less  closely  connected  with  the 
commercial  needs  of  the  student  immediately  after  gradua- 
tion, and  for  that  reason  the  engineering  profession  is  often 
little  esteemed.  In  the  thought  of  the  public  it  ranges  from 
the  blue-print  boy  in  the  drafting  room  to  the  man  who  holds 
the  responsibility  for  building  a  great  waterway,  a  great 
battleship  or  continental  railroad.  There  is  evidence  among 
our  own  members  of  vague  and  unsatisfactory^  classification. 
The  American  Society  of  Civil  Engineers  is  a  well-organized 
association  of  experienced  and  capable  men  in  our  profession. 
There  is  no  room  in  it  for  young  draftsmen.  A  member  must 
have  demonstrated  his  fitness  for  directing  important  work. 
The  American  Association  of  Engineers  founded  a  few  years 
ago  in  Chicago  is  essentially  a  union  not  unlike  the  federa- 
tion of  labor  for  the  benefit  of  its  members.    I  am  not  trying 
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here  to  make  an  argument  for  or  against  either  of  these  two 
engineering  societies,  as  wide  apart  as  the  poles  in  some  of 
their  ideals.  But,  which  one  of  them  represents  the  end  to 
which  we  as  teachers  are  aiming?  Undoubtedly  draftsmen 
are  needed  and  are  useful  in  the  work  of  our  profession  and 
some  men  will  always  remain  draftsmen.  With  equal  cer- 
tainty great  engineers  will  spring  out  of  the  obscurity  of 
small  places  and  small  schools ;  but  which  type  shall  our  engi- 
neering schools  prepare  to  educate?  Does  the  draftsman 
come  from  a  school  of  a  lower  grade  than  the  finished  engi- 
neer or  is  the  drafting  room  simply  one  step  between  the  tech- 
nical school  and  the  profession  of  engineering? 

About  twenty  years  ago  an  old  gentleman  in  Boston  who 
had  inherited  and  increased  a  great  fortune,  obtained  through 
the  work  of  engineers,  expressed  the  view  that  engineering 
colleges  should  be  organized  to  train  routine  men ;  that  is,  men 
to  fill  subordinate  positions.  While  his  money  had  come 
through  the  work  of  engineers  he  was  voicing  simply  the  de- 
sire and  understanding  of  many  trustees  and  founders  of 
technical  schools  in  America.  They  wish  to  provide  the  kind 
of  men  turned  out  by  the  German  technical  schools  of  the 
lower  grade.  It  must  be  confessed  that,  while  our  professors 
have  not  this  thought,  the  effect  of  their  teaching  and  organi- 
zation has  been  to  carry  out  the  idea  of  graduating  men  for 
a  professional  trade,  and  our  four-year  courses  have  in  many 
cases  amounted  to  simply  advanced  vocational  training.  In 
a  few  cases  there  has  been  a  distinct  recognition  of  higher 
education  but  in  the  main  the  organization  has  been  planned 
for  the  graduation  of  engineers  as  young  and  as  speedily  as 
possible. 

The  articles  upon  administration  appearing  in  our  Journal 
during  the  past  few  years  have  usually  referred  to  the  effi- 
ciency of  education  as  appears  from  the  following  brief  list: 
1.  ''Efficiency  in  Engineering  Education,"  by  Henry  S.  Mun- 
roe.     (1910.) 
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2.  ''The  Application  of  Scientific  Management  to  the  Oper- 

ating of  Colleges,"  by  S.  Edgar  Whitaker.     (1912.) 

3.  "Operating  Engineering  Schools  under  Scientific  Manage- 

ment," by  H.  Wade  Hibbard.     (1912.) 

4.  "Scientific  Management  in  College,"  by  Earl  F.  Palmer. 

(1912.) 

5.  "Academic  Efficiency,"  by  H.  H.  Person.     (1913.) 

6.  "The  Relation  of  the  Administrative  Department  to  the 

Teaching,"  by  C.  R.  Mann.     (1914.) 

7.  "Academic  Efficiency,  Undefined  and  Unrewarded,"  by  L. 

M.  Passano.     (1914.) 

8.  "Efficiency  in  College  Administration,"  by  S.  B.  McCor- 

mick.     (1915.) 

9.  "A  Plea  for  the  Further  Study  of  Efficient  Methods  in  the 

Administration  of  an  Engineering  College,"  by  C.  C. 

Morris.  (1916.) 
Efficiency  like  a  medicine  must  be  taken  in  proper  doses  ad- 
ministered by  a  wise  doctor  if  it  is  to  have  its  high  usefulness 
to  an  institution  of  learning.  Wherever  it  takes  the  soul  out 
of  teaching  or  makes  the  records  and  the  systems  of  more  ac- 
count than  the  actual  education  of  the  student,  efficiency  is 
worthless.  We  have  an  example  of  that  in  the  organization 
of  an  entire  nation  to  do  its  work  and  to  secure  a  place  under 
the  sun.  No  nation  has  paid  so  much  attention  to  the  careful 
selection  of  men  for  the  paths  that  have  been  marked  out  for 
them  by  a  ruling  class.  The  German  method  was  introduced 
into  America  years  ago  and  we  passed  through  a  period  of 
worship  of  everything  German  from  the  workshop  to  the  uni- 
versity. As  a  matter  of  fact  their  efficiency  has  betrayed  the 
Germans  into  a  false  conception  of  their  mission  on  this  earth 
and  into  an  entirely  unnatural  opinion  of  their  relation  to  the 
Almighty.  We  find  the  professors  in  Germany  throwing  the 
truth  to  the  dogs  in  order  to  assist  Germany  in  obtaining 
dominion  over  the  world.  They  have  appealed  to  the  passion 
of  their  countrjTnen  to  promote  the  ambition  of  themselves  as 
super  men.     There  is  no  greater  curse  to  a  nation  or  to  an 
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institution  than  the  blind  worship  of  efficiency.  The  word 
has  a  high  and  fine  significance  when  properly  applied  to  the 
development  of  men  and  women. 

''There  is  one  glory  of  the  sun  and  another  glory  of  the 
moon  and  another  glory  of  the  stars;  for  one  star  differeth 
from  another  star  in  glory."  Something  similar  may  be  said 
of  efficiency.  There  is  one  kind  of  efficiency  of  the  hand, 
another  of  the  body,  another  efficiency  of  the  mind  or  brain 
and  another  of  human  beings  when  acting  in  the  mass.  Yet 
they  are  inseparable  in  their  influence  upon  civilization  and 
happiness  just  as  the  glory  of  the  moon  is  inseparable  from 
the  glory  of  the  sun.  We  as  teachers  have  separated  them,  but 
mainly  through  inability  to  look  upon  education  in  a  large 
enough  way.  We  must  define  then  what  we  expect  to  attain 
before  we  can  lay  down  even  the  trace  of  a  road  towards 
proper  efficiency.  We  are  in  a  position  like  that  of  a  gunner 
who  is  firing  the  long-range  shell  at  an  invisible  target.  Cal- 
culations, and  study,  and  allowances  must  be  made  and  then 
the  gunner  cannot  be  certain  that  he  is  going  to  hit. 

The  schools  of  engineering  are  all  trying  to  produce  citi- 
zens who  through  their  education  and  training  are  efficient 
in  hand,  body  and  mind.  Any  plan  that  sacrifices  one  of  these 
to  the  other  takes  away  from  the  value  of  our  system  of  edu- 
cation. It  may  be  well  enough  for  a  manufacturing  concern 
to  promote  skill  with  the  hand  but  we  cannot  limit  ourselves  in 
that  way.  The  production  of  an  article  of  commerce  by  a 
system  that  will  either  make  the  most  money  for  a  corporation 
or  sell  at  the  lowest  price  in  competition  with  other  corpora- 
tions has  been  called  efficiency.  The  development  and  use  of 
the  maximum  amount  of  our  natural  resources  has  also  been 
called  efficiency.  No  writer  has  ever  seemed  to  think  of  the 
finest  thing  that  nature  produces,  men  and  women,  as  being 
the  object  to  which  efficiency  should  be  directed.  Any  reduc- 
tion in  the  cost  of  an  article,  in  the  time  and  effort  to  pro- 
duce the  article,  without  taking  into  consideration  the  human 
relation  of  labor  to  our  whole  social  life,  leads  to  a  one-sided 
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view  of  efficiency.  What  is  the  good  of  a  cheaper  article  if 
strikes  are  promoted?  What  is  the  good  of  anything  in  our 
modern  industrial  system  if  we  are  kept  eternally  on  the 
rack?  To-day  no  one  knows  what  is  coming  out  of  the  read- 
justment period  following  the  war,  mainly  because  we  have 
had  only  a  one-sided  view  of  efficiency-.  Few  manufacturers 
have  ever  directed  their  attention  to  the  proper  education  of 
their  own  workmen  in  ordinary  everyday  economic  truth.  I 
refer  to  this  whole  question  here  not  because  it  is  entirely  per- 
tinent to  the  subject  under  discussion  but  in  the  hope  that  we 
may  not  overwork  efficiency  in  our  effort  to  improve  the  engi- 
neering schools. 

It  would  be  a  mistake  to  dwell  too  much  on  the  material 
side  of  education.  In  colleges  attention  is  often  called  to  effi- 
ciency in  the  use  of  rooms,  efficiency  in  the  use  of  laborator- 
ies, efficiency  in  the  hour  plan.  Seldom  is  attention  called  to 
that  organization  which  serves  to  make  men.  Any  system  is 
good  that  will  permit  the  teacher  to  do  his  work  and  to  main- 
tain that  happy  relation  found  in  the  term — master  and 
pupil.  One  has  only  to  go  back  to  -the  fourth  and  fifth  cen- 
turies before  Christ  to  find  in  Greece  exactly  that  relation 
under  which  Athens  developed  in  the  leadership  in  art,  litera- 
ture, the  drama,  and  even  in  the  origin  of  science.  We  still 
go  back  to  that  fifth  century  as  the  fountain  head  of  every- 
thing that  we  have,  and  it  was  done  mainly  through  the 
schools  such  as  that  of  Socrates  and  his  pupils,  of  Plato  and 
his  disciples,  of  Pythagoras  and  his  secret  society  on  mathe- 
matics. Furthermore,  the  best  that  we  have  to-day  in  real 
teaching  is  the  relation  of  great  masters  to  their  pupils.  It 
may  be  said  that  there  are  few  great  masters.  There  would 
be  more  if  our  organization  of  colleges  would  only  permit  the 
type  of  teaching  and  class-room  work  that  form  a  fruitful 
soil.  I  consider  Mr.  Taylor's  work  on  system  in  manufacture, 
called  ''Scientific  Management,"  perhaps  the  most  important 
contribution  that  we  have  had  in  industrial  science  during 
this  generation,  because  after  all  our  principal  development 
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concerns  great  masses  of  people.  At  the  same  time  it  is  very- 
easy  to  carry  a  system  too  far,  especially  when  applied  to  a 
department  where  it  cannot  be  made  to  fit.  Scientific  man- 
agement in  college  education  is  absurd.  We  all  know  that 
there  are  faults  and  we  all  strive  to  correct  them  but  we  also 
know  that  in  the  relation  of  man  to  man  and  student  to  pro- 
fessor there  is  no  such  thing  as  scientific  management. 

I  should  like  to  make  a  confession  here  of  views  that  have 
gradually  become  convictions  in  the  twenty-six  years  that  I 
have  been  in  teaching  at  Harvard  College  and  the  Worcester 
Pol^^technic  Institute.  What  should  be  the  relation  of  a 
teacher  to  administration?  I  look  upon  a  good  teacher  as  the 
best  that  a  college  can  offer.  The  teachers  are  of  far  more 
importance  to  a  university  or  college  than  even  the  graduate 
body  or  the  students  themselves,  because  their  influence  is 
felt  far  beyond  the  academic  walls.  It  is  to  them  that  the 
graduates  and  students  and  the  public  look  for  the  mainte- 
nance of  our  ideals  in  America,  and  it  is  their  influence  joined 
with  that  of  the  ministry  that  is  the  most  far-reaching.  A 
man  of  high  character  and  fine  human  qualities  in  the  class- 
room is  so  far  superior  to  any  system  of  administration  that 
the  routine  of  study  is  soon  forgotten  under  the  influence  of 
such  a  teacher.  There  should  be  as  little  administration  con- 
nected with  such  a  man  as  may  be  consistent  with  carrying 
on  the  business,  to  the  end  that  teachers  may  not  be  dis- 
tracted from  what  is  the  main  purpose  of  their  employment. 
When  a  graduate  carries  into  practical  every-day  life  the 
memory  of  his  association  with  an  unselfish  friend  under 
whom  he  sat  in  the  classroom  he  has  a  lasting  and  real  in- 
fluence for  good. 

We  have  lost  a  sense  of  true  values  in  the  intense  commer- 
cial struggle  of  this  century  and  in  America  we  are  too  quick 
to  look  upon  a  transfer  from  teaching  to  administration  as  a 
promotion.  It  is  a  great  misfortune  to  a  college  and  to  the 
teacher  himself  if  he  is  taken  from  a  highly  successful  rela- 
tion to  students  to  be  put  into  administration,  however  well 
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he  may  develop  therein.  I  well  recall  in  the  life  of  one  of 
my  friends  the  gradual  lapse  from  teaching  and  investigation 
into  the  business  of  a  large  university  department,  and  I  can- 
not help  but  feel  that  while  the  university  gained  a  fine  efifi- 
/cient  man  in  its  business  the  world  lost  one  of  the  best  in- 
vestigators and  inspiring  teachers  I  have  ever  known.  Who 
^ould  imagine  a  man  like  William  James,  or  Longfellow,  or 
Jlankine,  or  Weisbach,  or  Rowland,  or  Aggasiz,  expending 
his  thought  and  effort  on  details  of  administration?  It  may 
be  said  that  such  men  are  exceptional.  They  are,  and  it  is  our 
misfortune  in  the  teaching  profession  that  they  include  no 
engineers,  and  that  they  will  become  more  exceptional  in  our 
present  commercial  attitude  towards  all  education. 

It  has  sometimes  been  suggested  that  we  do  not  make  a 
proper  statistical  study  of  education  and  that  therefore  we 
lose  efficiency.  It  might  very  well  be  asked,  who  is  to  make 
the  study?  I  have  in  mind  the  kind  of  an  investigation  that 
was  started  in  one  of  our  great  universities  many  years  ago  to 
determine  the  effectiveness  lof  the  university  teaching.  A 
questionnaire  was  sent  out  by  the  business  office  calling  for  in- 
formation on  all  kinds  of  activities.  The  thing  finally  became 
a  joke  because  some  of  the  best-known  teachers  in  this  country 
were  asked  for  the  number  of  hours  in  the  class  room,  the 
number  of  hours  required  for  direct  preparation  of  subjects 
to  be  presented  to  students,  and  the  number  of  hours  required 
for  indirect  preparation.  Can  any  one  picture  the  attitude  of 
mind  of  Mr.  James  when  he  was  called  upon  to  tell  a  clerk  the 
number  of  hours  of  indirect  preparation  for  his  lectures  on 
philosophy?  You  cannot  measure  teaching  by  statistics. 
The  influence  of  a  fine  teacher  is  something  beyond  price  and 
the  determination  of  class-room  contents,  standardization, 
the  number  of  recitations  a  week,  the  cubic  feet  of  air  for 
each  student,  and  other  factory  equivalents  seem  ridiculous 
when  measured  up  against  the  services  of  master  to  pupil. 
Some  reports  have  been  published  by  the  Carnegie  Founda- 
tion and  yet  in  all  these  matters  relating  to  efficiency  I  have 
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been  struck  by  a  certain  futility.  One  might  as  well  take  up 
the  ideals  of  a  people  by  counting  the  number  of  hours  of 
attendance  upon  church  in  the  course  of  a  year,  the  number  of 
square  feet  per  christian  attending,  and  the  salary  of  the 
preacher  per  member  of  the  church.  As  a  matter  of  fact 
teaching  cannot  be  standardized  in  its  highest  sense.  It  is 
better  to  tolerate  some  waste  of  money  than  to  permit  the 
morale  of  the  teaching  force  to  decrease  and  in  that  way  to 
encourage  waste  of  real  brain  matter. 

:  Success  in  teaching  is  measured  by  the  seriousness  of  pur- 
pose of  the  teachers  themselves.  We  all  know  of  course  that 
certain  sides  of  administration  can  be  treated  very  much  as 
the  management  of  a  factory.  Care  of  buildings  and  grounds, 
the  upkeep  of  apparatus  and  materials  so  that  they  will  not 
deteriorate,  and  the  procurement  of  materials  needed  for  the 
laboratories,  would  classify  themselves  naturally  under  some 
kind  of  scientific  management  because  the  teacher's  time 
ought  not  to  be  occupied  with  administration  details  any 
more  than  is  absolutely  necessary.  Therefore,  some  kind  of  a 
business  management  ought  to  be  devised  to  assist  them  and 
direct  the  time  of  the  students.  How  many  college  teachers 
of  any  quality  are  there  in  the  United  States  who  will  work 
under  a  system  of  scientific  management  directed  by  men  who 
have  no  share  in  the  teaching?  There  are  very  few.  There 
ought  to  be  some  rules  but  the  chief  end  is  to  educate  a  boy 
or  girl  and  to  make  a  first-class  citizen,  not  a  machine  that  has 
been  through  a  shop  and  perfected  by  a  certain  routine  method 
or  for  a  certain  definite  purpose.  Administration  may  well  be 
directed  to  one  point  and  that  is  the  payment  of  professors 
so  that  they  may  have  enough  to  live  on  with  leisure  to  think 
about  their  profession.  That  is  a  fundamental  question  be- 
fore the  American  people.  If  it  is  answered  properly,  good 
men  will  turn  naturally  to  the  teaching  profession  instead  of 
turning  first  to  commercial  positions  as  giving  them  a  better 
chance  to  bring  up  their  families.  We  have  too  many  cases 
of  poverty  among  teachers. 
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The  tendency  of  modern  times  is  towards  scientific  meth- 
ods. Everything  is  reduced  to  a  statistical  or  tabulated  basis 
and  it  does  not  seem  to  be  worth  anything  unless  placed  on 
the  ordinary  rectilinear  curve.  It  is  a  good  thing  in  any 
country  to  get  rid  of  illiteracy  and  to  train  every  youth  to  do 
something  so  that  his  hands  may  not  be  idle  but  any  system 
that  shrivels  up  the  soul  is  essentially  bad  for  humanity  and 
for  the  individual.  Furthermore,  any  development  that  lacks 
the  spiritual  element  renders  science  a  real  danger  to  man- 
kind. We  have  evidence  of  that  in  this  war.  J  have  asked 
the  question  in  another  place  "Is  science  safe  for  human  be- 
ings ? "  It  has  been  used  for  the  last  four  years  in  destroying 
property  and  in  shedding  the  blood  of  the  finest  that  our  na- 
tion has  produced.  Every  invention  and  energy  has  been  put 
to  making  science  destructive  rather  than  constructive.  We 
have  the  element  of  danger  always  before  us  by  putting  into 
the  hands  of  a  few  unbalanced  extremists  power  to  destroy 
men,  women,  children  and  property.  The  newspapers  are 
filled  with  stories  of  crimes  perpetrated  by  those  who  have 
used  science  without  conscience.  What  gives  this  whole  Bol- 
shevik movement  its  hold  but  science  combined  ^'ith  ignorance 
and  a  lack  of  conscience?  Our  ideals  in  engineering  educa- 
tion should  take  account  of  this  fact  and  the  system  should 
be  primarily  a  training  in  conscience  and  the  will  to  do  right 
first,  and  then  a  technical  education. 

It  is  well  worth  while  to  review  briefly  the  types  of  organi- 
zation to  be  found  in  education.  Reference  has  already  been 
made  to  the  most  flourishing  period  of  Greek  history  when 
the  Greeks  rapidly  eame  to  the  front  in^everything  that  lies 
at  the  basis  of  human  life  and  happiness.  The  only  thing 
they  did  not  have  was  the  example  of  Jesus  Christ  but  Christ 
patterned  his  methods  on  that  of  the  Greek  schools.  A  man 
like  Socrates  would  set  up  what  practically  amounted  to  a 
course  of  lectures  in  the  market  place  or  elsewhere  and  his 
disciples  would  follow.  Education  has  never  flourished  as  it 
did  under  those  men.     There  was  no  thought  of  efficiency  or 
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system  or  organization — it  was  niiaster  and  pupil  or  master 
and  disciple.  This  type  of  school  has  extended  down  to  our 
own  times.  It  is  what  is  meant  by  the  saying  that  Mark 
Hopkins  on  one  end  of  a  log  and  a  student  on  the  other 
constitute  a  university.  That  seemed  to  toe  Mr.  Agassiz' 
theory  when  he  went  in  1847  as  a  professor  to  Harvard  Col- 
lege. He  practiced  exactly  that  type  of  teaching — master 
and  disciple — and  under  him  natural  science  immediately 
became  popular  in  the  United  States.  His  pupils  have  been 
marked  men  especially  those  who  studied  under  him  in  the 
little  old  wooden  museum  at  Camibridge.  Every  one  of  them 
achieved  distinction.  There  is  an  example  of  this  in  the  Ger- 
man universities  where  the  professor  gives  his  lectures  to 
those  who  choose  to  enter  his  courses.  In  a  university^  where 
there  are  many  professors  and  many  students  some  system 
has  to  be  adopted  so  that  the  lectures  are  not  all  given  at  the 
same  hour.  Organization  and  administration,  however,  are 
never  concerned  with  the  class-room  work.  That  is  entirely 
a  function  of  the  professor.  Even  in  the  technical  schools 
of  Germany  something  of  this  idea  prevails.  I  well  recall 
some  lectures  that  I  attended  in  Charlottenburg  when  I  was 
making  a  study  of  the  German  technical  school  system.  One 
lecture  on  the  compound  engine  was  given  by  a  professor  who 
invited  me  to  go  into  the  class  room  with  him.  He  was  polite 
and  there  he  introduced  me  to  the  two  hundred  and  fifty  stu- 
dents sitting  in  front  of  him.  The  lecture  lasted  one  hour 
and  a  half.  There  was  no  textbook,  no  record  of  attendance, 
no  conversation  with  the  students.  The  lecturer  simply  went 
into  the  room,  gave  his  lecture,  and  then  walked  out,  the  stu- 
dents heing  left  to  do  the  best  they  could  to  study  up  on  the 
subject  through  text-books  that  they  found  in  the  library  or 
elsewhere.  I  do  not  recall  even  any  conferences  with  the 
professors  and  I  did  not  see  such  a  thing  as  a  recitation.  The 
main  evidence  of  administration  at  Charlottenburg  was  the 
annual  report  written  by  the  rector. 

A  modification  of  the  German  system  was  found  at  Har- 
vard University  under  the  unlimited  elective  system  where  a 
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student  could  take  practically  what  he  wished  and  graduate 
after  four  years  of  study,  having  completed  seventeen  and  a 
half  courses.  This  system  has  been  modified  so  that  all  stu- 
dents are  required  to  concentrate  on  a  major  subject  and  to 
skate  around  many  minor  subjects,  but  at  Harvard  the  at- 
tendance was  taken  and  there  was  some  requirement  as  to 
annual  examinations.  The  proposed  new  system  at  Harvard 
is  to  have  examinations  at  the  end  of  the  four  years  of  study 
on  all  the  major  subjects  that  students  have  taken.  This 
means  of  course  that  no  student  can  get  through  without  a 
good  general  knowledge  of  at  least  one  subject.  Of  one  thing 
a  visitor  <it  Cambridge  might  be  certain — he  would  find  the 
class  rooms  of  professors  crowded  if  the  lectures  were  pre- 
sented by  a  man  of  real  gift. 

The  most  organized  type  of  higher  education  is  found  in 
the  prescribed  systems  of  small  colleges.  They  used  to  be 
classical  and  some  still  are  classical  but  we  have  added  all 
kinds  of  up-to-date  subjects  in  most  cases  with  a  little  election 
during  the  junior  and  senior  years.  Engineering  schools, 
however,  have  as  a  rule  a  rigidly  prescribed  course  of  study 
beginning  where  the  high  schools  leave  off  and  continuing 
through  four  years  gradually  becoming  more  and  more  pro- 
fessional. Usually  the  first  year  is  the  same  for  all  branches 
of  engineering  and  the  last  year  is  exclusively  technical. 

The  net  result  of  this  preliminary  consideration  brings  us 
to  the  question.  What  is  the  place  of  an  engineering  school 
and  what  should  it  acomplish?  This  has  a  very  direct  bear- 
ing upon  its  administration.  Another  question  might  be 
added,  Must  there  be  only  one  type  of  engineering  school? 
It  seems  to  me  foolish  to  lay  any  stress  05.  the  method  or  type 
as  'being  the  final  word.  No  engineering  education  can  be 
standardized  without  running  the  risk  of  losing  much  that  is 
valuable  in  the  individuality  of  different  teachers.  As  a 
matter  of  fact  most  men  make  themselves  and  a  course  of 
study  has  little  to  do  \^'itli  the  magnitude  of  their  careers. 
Often  it  has  nothing  whatever  to  do  with  their  occupation  in 
life.     Any  school  ^WU  prove  this  fact  and  make  plain  that 
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a  man's  chief  education  comes  with  experience  in  life  and 
from  study  after  graduation,  sometimes  retarded  by  a  course 
of  study  which  has  to  be  unlearned.  The  man's  education, 
however,  must  be  his  own  if  he  is  to  achieve  any  distinction 
whatever. 

I  take  as  an  illustration  of  a  rigidly  prescribed  course,  the 
United  States  Naval  Academy,  because  I  am  familiar  with  it 
and  because  it  is  one  of  the  best  examples  of  a  curriculum 
that  has  no  elasticity.  In  the  first  place  it  is  strictly  utilita- 
rian in  the  sense  that  no  attention  is  paid  to  anything  that 
does  not  count  towards  the  training  of  a  naval  officer  for  sea 
duty  and  for  a  limited  number  of  international  problems  that 
may  arise  between  our  country  and  foreign  nations.  Every- 
thing that  does  not  find  a  use  is  excluded.  There  is  no  great 
attempt  at  real  teaching.  It  is  a  "  sink-or-swim "  method. 
The  lessons  are  given  out  and  the  midshipman  must  learn 
them  for  himself  or  fail.  It  is  really  a  case  of  intensified 
training  and  discipline  and  then  of  careful  weeding.  Our 
courses  in  engineering  schools  must  necessarily  be  on  a 
broader  basis  because  we  never  know  beforehand  just  what 
branch  of  the  profession  our  graduates  are  going  into.  That 
often  is  a  question  of  opportunity  and  the  industrial  condi- 
tion of  the  country.  Nevertheless  the  great  majority  of  engi- 
neering schools  are  like  the  Naval  Academy  minus  the  dis- 
cipline. The  Navy  always  knows  what  its  graduates  are  go- 
ing to  do  and  the  energies  and  organization  can  therefore  be 
directed  to  that  one  thing — to  make  men  for  the  best  fighting 
machine  in  the  world  and  to  fulfill  its  purpose  and  function 
better  than  any  school  in  the  United  States  or  perhaps  in  the 
world.  Theodore  Roosevelt  once  told  me  that  he  considered 
the  Naval  Academy  the  finest  school  in  the  world,  meaning  by 
that  that  it  carried  out  its  function  better  than  any  place 
else  in  doing  what  it  set  out  to  do.  And  what  is  the  result? 
It  produces  good  officers  who  have  shown  in  this  late  war 
their  capacity  to  work  efficiently  and  enthusiastically.  But 
it  goes  further  in  that  it  graduates  a  large  percentage  of  men 
who  leave  the  Navy  and  go  into  other  professions  entirely 
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outside  of  the  course  of  study.  They  obtain  their  education 
for  their  work  on  top  of  the  Naval  Academy  training  which 
is  valuable  only  through  its  discipline.  It  is  easy  to  show 
what  graduates  of  the  Naval  Academy  have  been  capable  of 
doing  by  simply  naming  a  few  of  them :  In  history,  Alfred  T. 
Mahan,  who  opened  up  a  new  field  for  historians.  In  litera- 
ture, Winston  Churchill,  Cyrus  Townsend  Brady,  whose 
novels  most  of  us  have  read.  In  invention,  Frank  J.  Sprague, 
the  father  of  the  trolley  system.  In  education,  IMortimer  E. 
Cooley,  who  built  up  the  first  great  engineering  department 
in  a  university.  In  business,  Homer  L.  Ferguson,  lately 
elected  president  of  the  U.  S.  Chamber  of  Commerce. 

It  is  not  intended  here  to  give  any  list  of  the  graduates  of 
the  Naval  Academy  who  have  distinguished  themselves  out- 
side of  the  Navy  and  the  purpose  of  this  reference  is  only  to 
show  that  men  w^ho  have  acquired  the  power  of  application 
and  the  initiative  to  do  something  with  themselves  are  not 
dependent  in  any  w^ay  upon  the  curriculum  of  any  school,  its 
organization,  or  its  administration.  They  find  their  chief 
stimulus  either  within  themselves  or  from  teachers  like  Louis 
Agassiz.  We  get  back  then  to  the  question  asked  before — 
What  is  the  purpose  of  an  engineering  school  ?  It  is  to  train 
a  large  number  of  men  for  the  ordinary  business  of  engineer- 
ing, leaving  to  the  exceptional  who  are  capable  of  striking 
out  into  new  fields  the  education  of  themselves.  An  engi- 
neering school  may  well  have  a  semi-military  character  as  the 
student  is  to  graduate  into  a  profession  requiring  system  and 
accuracy  but  it  does  not  follow  that  he  must  be  turned  into  a 
machine  by  methods  reduced  to  a  standard. 

We  have  certain  illusions  in  our  schools.  One  of  these  is 
that  a  teacher  of  engineering  is  a  great  asset  if  he  continues 
his  activities  in  the  practice  of  his  profession.  As  a  matter 
of  fact  he  is  often  a  brake  upon  the  development  of  first-rate 
teaching.  If  he  is  a  good  teacher,  the  time  spent  in  outside 
business  is  a  distinct  loss  to  the  institution  \^dth  which  he  is 
connected.  There  is  a  lot  of  loose  talk  about  keeping  up  with 
the  advance  of  science  and  its  newest  applications.     We  in 
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engineering  education  know  that  the  fundamentals  are  more 
important  than  anything  else,  and  that  the  hest  method  of 
keeping  up  with  the  times  is  to  learn  the  best  method  of  pre- 
senting fundamentals,  not  of  keeping  an  array  of  facts  before 
our  students,  even  though  these  facts  spring  from  the  latest 
investigations.  A  man  cannot  ride  two  horses  except  in  the 
circus  ring.  The  work  of  an  engineering  school  is  far  more 
fundamental  than  the  latest  advances  which  in  their  turn  in 
a  very  few  years,  often  before  the  young  graduate  has  really 
gotten  into  his  profession,  become  the  antiquated  practice  of 
a  rapidly  receding  past.  We  are  in  the  profession  of  teach- 
ing and  time  spent  in  studying  the  methods  of  presenting  a 
subject  to  students  is  far  more  valuable  than  the  same  time 
put  into  practical  application.  America  has  been  a  partial 
failure  in  its  engineering  schools  because  it  has  developed 
very  few  \^Titers  of  first  quality.  Our  books  are  usually  slip- 
shod, prepared  at  odd  hours  between  the  preparation  of  lec- 
tures and  the  practice  of  consulting  engineering,  simply  be- 
cause our  teachers  have  been  encouraged  to  supplement  their 
insufficient  salaries  by  outside  work.  We  are  thus  in  the 
habit  of  flattering  ourselves  with  the  thought  that  we  are 
keeping  up  with  the  times.  The  only  really  practical  advan- 
tage in  a  teacher's  connection  with  outside  work  is  that  he 
stimulates  the  imagination  of  his  students  and  in  that  way 
obtains  from  them  a  larger  measure  of  effort  and  interest. 

Another  illusion  that  is  common  to  colleges  is  that  the  sub- 
jects taught  in  an  engineering  school  must  necessarily  be  less 
broadening  than  the  subjects  in  non-professional  colleges. 
That  is  not  true  of  the  engineering  school  that  devotes  itself 
mainly  to  fundamentals.  There  is  not  a  subject  fit  to  be 
taught  in  a  technical  school  that  cannot  be  broadened  and 
enlarged  to  make  it  a  real  education.  In  1893  the  engineer- 
ing courses  at  Harvard  College  were  completely  revised  and 
every  one  of  them,  except  the  workshop  courses  which  were 
almost  exclusively  hand  work,  were  accepted  as  part  of  a 
liberal  education  for  the  A.B.  degree.  This  was  freely 
granted  by  the  teachers  of  classics  and  others  on  the  Harvard 

48 


ENGINEERING  COLLEGES  AND  ADMINISTRATION. 

staff.  Unfortunately  all  teaching  for  the  profession  of  engi- 
neering was  given  up  when  the  a^eement  was  made  with  the 
Massachusetts  Institute  of  Technology. 

The  administration  of  a  college  differs  ordinarily  from  that 
of  a  business  corporation  in  that  it  must  be  more  democratic 
and  must  take  more  account  of  the  wishes  of  those  who  are 
employed  in  its  service,  and  the  teaching  force  must  be  con- 
sulted and  controlled  only  so  far  as  to  hold  the  institution 
together.  A  good  teacher  can  always  do  his  best  work  when 
free  to  direct  liis  energy  in  the  manner  he  considers  most  ad- 
vantageous to  his  students  and  in  a  way  that  will  develop  his 
own  thought  as  well.  His  profession  confers  upon  him  re- 
sponsibilities and  privileges  on  economic,  social  and  scientific 
questions  sometimes  difficult  to  reconcile  wdth  the  views  of 
boards  of  trustees;  hence  the  discussion  of  the  words  "aca- 
demic freedom."  On  the  whole  it  is  better  that  a  teacher 
should  be  free  to  discuss  any  subject  so  long  as  he  does  not 
disgrace  himself  or  degrade  the  institution,  and  this  applies 
to  engineering  schools  as  well  as  to  the  larger  universities. 
When  we  contrast  the  behavior  of  our  professors  under  a 
system  that  does  not  put  restrictions  upon  them  or  require 
any  special  doctrine  to  be  taught  with  the  behavior  of  the 
German  professors  and  their  betrayal  of  both  profession  and 
country  in  the  support  of  military  Prussia  we  must  find  a 
real  reason  for  congratulating  ourselves  upon  the  freedom  of 
thought  in  the  universities,  colleges  and  technical  schools  of 
our  country.  Fortunately  we  have  no  privately  endowed  in- 
stitutions that  have  any  tendency  to  inflict  upon  their  teach- 
ers a  particular  political  partisanship  or  any  phase  of  aca- 
demic doctrine. 

College  administration  must  take  account  of  the  fact  that 
the  highest  aim  in  any  school  is  enlightened  citizenship  in 
this  republic,  in  addition  to  the  specialties  for  which  the 
school  is  founded.  In  this  regard  we  sometimes  are  tempted 
to  separate  the  technical  school  from  the  ordinary  college  but 
the  purposes  are  not  essentially  different  and  we  may  better 
emphasize  the  likeness  rather  than  the  differences.     An  engi- 
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neering  school  is  intended  to  supply  a  young  man  with  at 
least  the  introduction  to  a  profession  as  well  as  his  general 
education,  while  the  college  attempts  merely  a  general  edu- 
cation as  a  basis  for  subsequent  professional  study.  Atten- 
tion has  already  been  called  to  the  fact  that  most  of  the  sub- 
jects in  an  engineering  school  if  properly  taught  are  capable 
of  being  broadened  out  into  a  general  education.  It  is  en- 
tirely a  matter  of  emphasis  and  the  personality  of  the  teacher. 
We  hear  much  of  the  broadening  of  a  great  university  and 
yet  the  broadening  springs  largely  from  the  fact  that  the  uni- 
versity has  money  enough  to  employ  teachers  to  whom  a  large 
amount  of  leisure  for  thought  and  study  is  given.  A  good 
man  has  a  broadening  influence  without  much  regard  for  the 
subject  that  is  taught.  Greater  consideration  ought  to  be 
given  to  the  type  of  man  who  is  teaching.  A  really  inspiring 
teacher  could  make  of  a  course  on  steam  pumps  something 
vastly  more  effective  even  in  the  teaching  of  English  than  a 
young  assistant  of  no  experience  in  life  could  make  out  of 
the  teaching  of  English  itself.  Let  us  remember  this  in  con- 
nection with  administration  of  colleges  and  in  the  selection  of 
teachers. 

A  study  of  administration  may  be  taken  up  on  a  consider- 
able scale  by  assembling  and  classifying  all  college  catalogues, 
but  I  find  this  method  comparatively  fruitless.  It  is  better  to 
make  an  examination  of  comparatively  few  typical  cases  re- 
membering that  the  personality  of  the  men  in  the  administra- 
tion has  far  greater  influence  upon  the  results  than  the  exact 
organization  itself.  Consequently  I  am  concerned  here 
mostly  with  the  kind  of  administration  under  which  teachers 
have  the  greatest  amount  of  freedom  and  under  which  the 
student  finds  the  greatest  stimulus  to  study. 

All  the  activities  of  an  engineering  school  may  be  divided 
among  comparatively  few  heads. 

1.  The  Financing  of  the  Institution. — This  is  a  matter 
largely  for  the  trustees  and  for  the  friends  of  the  school, 
and  it  should  not  be  a  part  of  the  work  of  the  teaching  staff. 
No  fixed  rule  can  be  made  inasmuch  as  privately  endowed 
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colleges  must  get  help  where  they  can  through  teachers  or 
anybody  who  is  effective.  There  is  one  matter  to  which  the 
most  scrupulous  attention  should  he  paid;  viz.,  that  the  in- 
come from  funds  should  be  used  so  far  as  it  is  possible  ex- 
actly for  the  purpose  named  in  the  deed  of  gift  or  in  the 
bequest.  If  there  is  one  place  on  this  earth  where  the  truth 
should  prevail  and  w^here  a  benefactor  should  obtain  exactly 
what  he  requests,  it  is  a  college.  Truth  and  honor  should  be 
maintained  at  the  expense  of  refusing  some  gifts. 

2.  The  Plant  and  its  Maintenance. — This  is  a  business 
matter  similar  to  that  of  any  commercial  establishment.  The 
principles  of  scientific  management  may  very  well  be  applied 
in  the  care  of  buildings,  laboratories  and  all  property  of  an 
institution  of  learning  without  in  any  way  interfering  with 
the  relation  ibetween  professor  and  student.  The  business 
side  of  a  college  should  not  be  put  upon  the  members  of  the 
teaching  staff  if  it  can  he  avoided ;  at  the  same  time  a  super- 
intendent or  agent  should  hold  his  position  only  by  his  ac- 
ceptability to  teachers,  his  understanding  and  sympathy  for 
their  work. 

3.  The  use  of  rooms  and  laboratories,  the  hour  plan  of  reci- 
tations, the  penalties  and  rules,  and  the  physical  training,  all 
of  which  constitute  faculty  business,  to  go  before  the  trustees 
only  w^here  thej^  involve  money  or  question.  So  far  as  pos- 
sible the  faculty  business  should  be  committed  to  standard 
committees  on  discipline,  on  records  and  on  the  enforcement 
of  rules.  It  has  been  customary  in  the  past  to  carry  cases 
of  discipline  to  the  faculty  but  it  is  of  doubtful  wisdom  ex- 
cept for  the  information  of  all  teachers ;  even  dropping  a  stu- 
dent for  being  unsatisfactory  in  his  studies  can  be  made  a 
function  of  some  committee. 

4.  The  Teaching  in  the  Class  Boom. — This  is  always  by 
means  of  lectures,  demonstrations,  recitations  or  conferences 
and  will  form  the  purpose  for  which  a  school  is  established. 
This  must  never  be  lost  sight  of.  All  organization  leads  to 
this  end  and  to  nothing  else. 

5.  Relations  with  Students  Outside  of  the  Class  Room. — 
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This  is  SO  much  a  matter  of  informal  daily  contact  between 
professor  and  student  that  no  rules  can  be  laid  do^\Ti.  It  will 
always  be  dependent  upon  the  temperament  and  sympathetic 
understanding  on  the  part  of  the  teacher  and  it  is  possible 
that  this  beautiful  relation  may  be  the  best  thing  that  a  stu- 
dent gets  out  of  his  college  life.  The  fine  service  that  goes 
to  build  up  a  boy's  character  is  more  an  asset  for  citizenship. 

6.  Student  Activities. — A  college  that  does  not  encourage 
in  some  way  student  activities  outside  of  the  class  room  be- 
comes too  rigid  and  it  does  not  produce  a  type  of  graduate 
who  can  adapt  himself  to  the  conditions  of  everyday  life. 
Some  religious  schools  are  of  this  kind  and  many  engineering 
schools  over-crowd  students  so  much  that  they  have  no  time 
for  what  might  be  called  a  course  in  human  relations  and 
friendship. 

I  have  no  intention  of  dwelling  on  these  matters.  They 
have  to  do  with  administration  only  so  far  as  the  background 
is  naturally  made  by  the  governing  boards.  The  first  three 
of  them  relate  entirely  to  the  business  of  an  institution  and 
the  last  three  to  the  education  of  young  men.  The  whole 
purpose  of  this  paper  would  be  misunderstood  if  it  is  inter- 
preted to  mean  that  I  do  not  believe  in  efficiency  and  good 
business  administration.  I  do  most  heartily  believe  in  both 
and  in  a  proper  organization  but  never  at  the  sacrifice  of  that 
human  relation  which  does  more  to  turn  a  boy  into  a  good 
man  than  all  the  organization  in  the  world.  I  have  dwelt  on 
the  word  efficiency  because  we  have  made  a  fetish  of  it.  Of 
course  we  all  know  that  an  engineering  school  is  primarily  an 
institution  for  teaching  engineering  and  for  giving  a  young 
man  his  start  in  the  profession.  Consequently  the  primary 
purpose  relates  to  science  and  the  things  that  a  student  must 
learn  form  part  of  the  profession.  That  is  first  and  organiza- 
tion should  have  that  in  view,  but  again  I  repeat,  never  at 
the  expense  of  the  soul. 

Every  college  has  its  board  of  trustees,  sometimes  called  a 
corporation,  a  board  of  regents,  or  simply  a  governing ^board. 
It  makes  no  difference  under  what  name  this  board  appears 
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it  must  necessarily  take  responsibility  for  the  institution. 
There  are  two  types  of  organization  of  trustees;  one  is  a 
single  board  like  a  business  corporation,  and  the  other  is  a 
dual  board  like  a  business  corporation  with  a  senate  that 
must  pass  upon  its  acts.  In  some  cases  these  boards  are 
elected  or  appointed  and  serve  for  a  term  of  years.  In  most 
cases,  however,  the  members  hold  a  life  tenure  and  the  board 
is  self-perpetuating.  No  two  colleges  are  managed  in  exactly 
the  same  way  and  there  are  many  types  of  boards.  In  order 
to  bring  before  the  Society  a  complete  exposition  of  this 
matter  it  ^vould  be  necessary  to  exhibit  the  framework  of 
every  university  and  college  in  the  United  States.  They  may 
be  divided  as  above  into  two  types,  a  few  examples  of  which 
will  be  sufficient.  The  old  style  college  still  exists  in  places 
like  Bowdoin,  Amherst  and  Williams,  and  they  fill  a  very  use- 
ful place  in  our  system  of  education.  They  have  their  board 
of  trustees  made  up  in  part  of  ministers  and  in  part  of  busi- 
ness or  professional  men  elected  with  a  life  tenure.  We  are 
not  concerned  wdth  these  so  much  as  w^e  are  with  those  that 
have  engineering  departments  or  are  solely  planned  for  engi- 
neering education. 

Yale  University  has  a  corporation  consisting  of  the  presi- 
dent and  fellows,  in  number  nineteen,  elected  either  for  life 
or  for  a  term  of  years.  The  Sheffield  Scientific  School  has 
also  a  board  of  trustees  of  nine  members.  This  board  is  a 
corporation,  three  of  w^hose  members  are  ex-officio,  viz.,  the 
governor  of  the  state,  the  president  of  Yale  College,  and  the 
chairman  of  the  Peabody  ]\Iuseum  trustees.  The  other  six 
hold  a  life  tenure  and  fill  their  ow^n  vacancies.  The  director 
of  the  Sheffield  Scientific  School  is  the^ecretary  of  the  board. 
It  wdll  be  observed  that  the  graduates  of  the  Sheffield  Scien- 
tific School  have  no  voice  in  the  government  excepting  so  far 
as  they  may  be  chosen  by  the  surviving  members  to  fill 
vacancies.  The  organization  at  Yale  will  probably  be  affected 
by  the  general  discussion  now  going  on. 

The  Case  School  is  apparently  incorporated  and  is  held  by 
a  corporation  of  twenty-tw^o  members.     The  business  of  the 
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institution  is  directed  by  a  board  of  trustees  consisting  of 
seven  members  chosen  by  the  incorporators.  The  graduates 
would  have  no  voice  excepting  as  they  are  chosen  to  be  trus- 
tees, and  the  president  is  not  a  member  of  the  board  of  trus- 
tees either  by  election  or  ex-officio. 

Rensselaer  has  a  board  of  trustees  consisting  of  twenty- 
three  membei's  holding  a  life  tenure  and  the  mayor  of  Troy 
as  additional  ex-officio.  The  president  of  the  institution  is 
also  president  of  the  board  of  trustees  and  the  graduates  ap- 
parently have  no  voice  in  the  choice  of  the  members.  This 
case  is  much  like  the  old-time  board  of  trustees  for  colleges. 

The  Massachusetts  Institute  of  Technology  has  a  corpora- 
tion consisting  of  fifty-three  members,  the  president,  the 
treasurer,  the  secretary,  the  governer,  the  chief  justice,  and 
the  commissioner  of  education,  all  of  Massachusetts,  being  ex- 
officio  members.  There  are  thirty-tw-o  life  members  and 
fifteen  term  members,  three  being  elected  each  year  for  a 
term  of  five  years.  There  is  besides  an  executive  committee 
consisting  of  the  president  and  treasurer  and  five  members 
who  are  chosen  by  the  corporation  from  among  its  members 
for  a  term  of  five  years.  This  committee  has  power  in  all 
appointments  and  fixes  the  salaries  and  duties  of  all  officers. 
It  has  entire  responsibility  for  all  the  property  of  the  insti- 
tute. The  fifteen  term  members  of  the  corporation  are 
elected  by  the  corporation  from  a  group  of  candidates  sub- 
mitted by  the  alumni  of  the  institute.  The  corporation  as  a 
w^hole  confirms  appointments,  confers  degrees  and  authorizes 
certain  financial  transactions. 

Ha7'vard. — ^The  government  of  Harvard  is  by  two  com- 
pletely independent  boards.  The  first  board  is  known  as  the 
corporation,  consisting  of  the  president  and  treasurer  and 
five  fellows,  called  usually  the  president  and  fellows.  The 
members  have  a  life  tenure  and  vacancies  are  filled  by  the 
surviving  members.  This  corporation  transacts  all  business, 
makes  all  appointments,  and  in  general  may  be  regarded  as 
the  directors  of  the  institution.  A  second  board,  called  the 
overseers,   consists   of   thirty   members.     Five    of   these    are 
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elected  every  year  for  a  term  of  six  years,  at  the  end  of  which 
time  they  are  eligible  for  one  more  term  of  office.  The  hoard 
of  overseers  approves  all  appointments  without  limitation  as 
to  the  time  and  in  general  takes  up  questions  of  policy  sub- 
mitted by  the  corporation.  The  president  of  Harvard  is 
chairman  of  the  corporation  but  is  not  a  member  of  the  board 
of  overseers. 

Michigan  TJ^iiversity. — This  university  is  a  fair  type  of  the 
larger  state  universities  although  no  two  of  them  have  exactly 
the  same  plan  of  government.  Michigan  has  a  board  of  re- 
gents consisting  of  twelve  members.  Of  these  the  president, 
the  treasurer  and  the  secretary,  and  the  superintendent  of 
public  instruction,  are  ex-officio  members  of  the  board  with- 
out vote.  The  other  eight  members  are  elected  for  a  term  of 
years  by  the  people  of  the  state  and  apparently  form  a  com- 
mittee to  direct  all  the  educational  and  business  affairs  of  the 
university. 

Other  universities  and  colleges  have  all  kinds  of  modifica- 
tions of  these  six  plans.  The  general  tendency  is  towards  a 
greater  participation  of  graduates  in  the  affairs  of  their  alma 
mater  and  ultimately  the  colleges  will  probably  be  governed 
by  the  alumni  asociations.  Furthermore,  the  dual  organiza- 
tion is  probably  better  adapted  to  private  schools  than  it 
would  be  to  state  universities  whose  boards  have  a  limited 
tenure  of  office.  A  permanent  board  is  likely  to  become  more 
or  less  inactive  in  course  of  time,  especially  if  there  be  asso- 
ciated with  it  one  or  two  men  who  carry  the  financial  burden 
on  their  shoulders.  It  is  not  a  sign  of  prosperity  for  a  school 
to  possess  some  interested  individual  who  is  ready  to  step 
forward  to  pay  all  deficits.  As  has  already  been  stated,  the 
character,  interest  and  personality  of  the  men  on  the  board 
of  trustees  is  of  far  greater  importance  than  the  exact  type 
of  organization  and  the  same  thing  holds  with  regard  to  a 
faculty.  Every  one  of  the  different  schools  may  have  its  own 
individuality  without  necessarily  having  inferior  methods. 
The  important  thing  is  the  man  who  is  sitting  in  the  class- 
room chair,  it  is  his  influence  that  will  tell  upon  students  in 
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the  long  run.  The  relation  between  the  board  of  trustees 
and  the  faculty  is  important.  Often  the  trustees,  who  are 
business  men,  cannot  be  brought  to  take  a  real,  intelligent 
interest  in  the  work  of  the  class  room.  Occasionally  they 
take  too  much  interest  and  meddle  with  the  teachers.  There 
has  been  for  years  a  discussion  about  giving  the  faculty  a 
share  in  the  government  of  an  institution  and  sometimes 
teachers  have  felt  that  the  president  of  a  college  has  alto- 
gether too  much  power.  Some  reports  have  been  drawn  up 
on  this  subject.  It  would  seem  to  me  unfortunate  to  have  the 
members  of  the  faculty  pass  upon  a  number  of  questions  that 
now  belong  peculiarly  to  the  trustees.  I  do  not  think  that 
any  professor  can  possibly  be  in  a  comfortable  position  when 
he  is  passing  upon  the  salaries  of  his  own  colleagues.  This  is 
true  even  in  the  departmental  government  of  a  college  where 
the  head  of  a  department  assumes  to  decide  the  salary  and 
work  of  a  teacher  associated  with  him. 

It  would  be  useful  to  have  occasional  meetings  of  trustees 
and  teachers  on  certain  larger  questions  of  policy  like  en- 
trance conditions,  the  courses  of  study  as  they  ought  to  be 
given  and  the  enlargement  of  the  curricula,  but  when  it 
comes  to  the  actual  share  in  the  executive  management  of  an 
institution  the  teacher  is  in  a  totally  false  position.  His  time 
would  be  taken  away  from  the  essentials  of  his  profession 
and  put  into  chores.  The  grievances  expressed  by  some  fac- 
ulties are  largely  in  the  nature  of  appointments  and  dis- 
missals. It  is  perfectly  obvious  that  a  man  who  is  appointed 
a  professor  should  be  acceptable  to  his  colleagues  unless  some 
reorganization  or  reform  is  absolutely  needed  to  better  a  bad 
situation.  Consequently,  the  appointments  in  any  depart- 
ment ought  to  come  by  recommendation  or  consent  of  the 
appointee's  future  colleagues.  If  such  recommendation  comes 
only  from  the  head  of  a  department,  it  might  as  w^ell  come 
from  the  president  of  the  college.  In  the  matter  of  dis- 
missals a  professor  who  has  taught  for  many  years  ought  not 
to  be  lightly  dismissed  and  the  wiiole  subject  ought  to  have 
full  investigation  by  the  trustees.     I  have  heard  many  busi- 
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ness  men  say  that  teachers  were  employees  in  the  same  sense 
as  men  in  the  industries.  They  are  often  treated  in  exactly 
that  way  but  I  think  it  is  a  great  mistake.  The  profession  of 
teaching  is  like  the  ministry  a  privileged  profession  and  a 
man  who  has  taught  twenty  years  is  in  the  same  position  as  a 
preacher  in  regard  to  the  outside  business  so  that  if  he  is  dis- 
missed he  is  comparatively  helpless.  I  have  known  a  few 
preachers  who  have  turned  to  soliciting  life  insurance  as  a 
means  of  getting  a  living  and  there  is  no  more  melancholy 
sight  in  the  world  than  an  old  teacher  who  has  no  support. 
As  a  rule  the  pay  is  not  enough  to  enable  teachers  to  lay  by 
any  inoney  for  their  old  age,  hence  they  cannot  be  treated  as 
to  appointments  or  dismissals  in  the  same  way  as  a  man  in  a 
business  position.  The  value  of  a  teacher's  work  is  very 
rarely  measured  by  his  pay  as  will  readily  be  disclosed  by  the 
great  variation  in  professors'  salaries.  They  vary  from  $1,500 
per  year  up  to  $7,000  or  $8,000  depending  upon  the  institu- 
tion, and  yet  a  professor  in  a  small  college  probably  does  as 
good  work  with  his  students  as  those  in  larger  ones. 

The  Carnegie  Foundation  has  provided  a  method  of  taking 
care  of  the  most  serious  cases  of  breakdown  in  the  college 
service  and  of  getting  rid  of  those  whose  usefuLuess  has 
passed  by  reason  of  illness,  or  old  age.  In  future  the  Foun- 
dation will  not  have  so  great  a  power  in  the  matter  as  it  is 
changing  to  a  type  of  insurance  company. 

One  often  hears  the  statement  that  professors  are  not  busi- 
ness men,  as  if  that  w^ere  a  reproach.  We  may  be  thankful 
that  they  are  not.  Let  us  have  in  America  some  place  and 
some  profession  that  is  not  commercial  so  that  we  may  at  le^st 
preserve  the  finer  ideals  of  our  forefathers.  If  a  teacher  is 
a  good  business  man  he  would  better  go  into  business  and  let 
teaching  alone.  If  he  is  a  good  teacher  and  is  capable  of 
stimulating  a  higher  type  of  character  in  the  student,  he 
ought  to  give  up  all  thoughts  outside  the  class  room.  If  he 
is  neither  he  might  better  be  on  a  farm. 

What  is  the  place  of  a  president  of  an  institution  of  learn- 
ing?   Few  of  the  foreiorn  schools  have  anv  such  organization 
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as  we  find  in  the  United  States.  In  England  and  Germany 
there  is  no  such  thing  as  the  president  of  a  university  or  col- 
lege in  our  sense  of  the  word.  The  head  of  the  Charlotten- 
burg  school  is  a  rector  appointed  by  the  government  for  one 
year.  All  appointments  to  professorships  are  suggested  by 
the  faculty,  usually  three  names  are  handed  in  to  the  govern- 
ment and  from  these  one  is  selected  by  the  minister  of  instruc- 
tion. If  none  of  the  three  names  are  satisfactory  to  the  gov- 
ernment, three  others  are  submitted  until  a  m.an  is  obtained 
that  the  minister  of  instruction  will  accept.  While  this  ap- 
parently is  a  democratic  and  open  method  of  appointing  pro- 
fessors it  really  does  not  differ  from  the  American  method  of 
going  after  the  man  that  is  wanted.  The  president  of  a  col- 
lege in  the  United  States  holds  a  position  very  largely  as  bus- 
iness manager  in  addition  to  being  at  the  head  of  the  educa- 
tional side  of  the  university  or  college.  But  his  position  is 
often  distinctly  inferior  to  that  of  a  teacher  who  has  leisure 
to  study  and  write.  The  position  is  not,  however,  that  of  an 
autocrat  as  the  holder  must  remain  acceptable  to  the  trustees, 
must  find  money  to  run  the  institution  and  must  be  able  to  con- 
vince teachers.  On  the  whole  it  would  be  better  if  the  presi- 
dent of  every  college  were  the  disciplinary  officer  and  had  the 
care  of  scholarship  and  loan  funds.  Whether  a  changing  head 
such  as  that  in  Germany  would  be  good  or  not  in  the  United 
States  has  never  been  thoroughly  tested.  The  University  of 
Virginia  gave  up  an  old  system  to  have  a  regular  president. 
Probably  the  present  practice  of  electing  a  president  into 
whose  hands  is  placed  the  business  and  educational  matters  of 
the  institution  is  well  adapted  to  the  American  mind  and  can- 
not readily  be  changed.  One  of  the  difficulties  with  the  posi- 
tion, however,  is  that  often  too  much  business  is  put  on  the 
shoulders  of  the  president  who  has  no  time  for  educational 
matters.  This  fact  has  led  in  many  colleges  to  the  appoint- 
ment of  a  business  agent  or  a  publicity  manager  to  serve  with 
the  president  in  certain  business  matters  outside  of  the  teach- 
ing field.  Only  the  larger  universities  have  money  enough  to 
separate  business  from  teaching.     The  tendency  of  business 
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agents  who  do  no  teaching,  however,  is  unfortunately  towards 
commercial  methods.     Especially  is  this  true  of  publicity  men. 

The  method  of  bringing  colleges  to  the  attention  of  the  pub- 
lic and  bidding  for  students  is  very  much  the  same  as  we 
find  associated  with  the  sales  department  of  any  manufactur- 
ing company.  In  some  parts  of  the  country  the  college  drum- 
mer is  sent  out  to  get  trade  and  all  kinds  of  publicity  propa- 
ganda are  devised  to  lead  students  to  attend  the  colleges  ad- 
vertised. I  believe  this  to  be  altogether  bad.  It  may  be  said 
that  more  young  men  are  thereby  induced  to  educate  them- 
selves but  I  do  not  believe  that  to  be  true.  A  large  number 
are  misled  into  thinking  that  they  ought  to  get  a  college  de- 
gree than  are  helped  by  the  advertising  method.  Should 
engineering  schools  advertise  at  all?  It  is  doubtful.  Their 
publicity  ought  not  to  extend  further  than  a  good  descrip- 
tion within  the  catalogue  of  what  the  college  offers.  We  ought 
not  to  acquire  the  competitive  spirit  so  much  that  we  shout 
with  joy  if  we  can  only  show  a  few  more  students  than  our 
neighbor  who  is  also  teaching  engineering.  The  newspapers 
are  filled  with  stuff  of  that  kind  from  the  larger  universities. 
It  usually  emanates  from  publicity  agents  who  are  employed 
to  keep  the  institution  before  the  public  which  is  often  de- 
ceived as  to  what  the  eolleges  are  really  capable  of  offering 
young  men.  One  of  our  colleges  has  a  publicity  agent  who  is 
going  out  to  get  400  more  students.  The  pamphlet  by  which 
these  students  are  to  be  obtained  has  the  same  misleading 
quality  found  in  advertising  departments  of  business  houses 
and  represent  to  my  mind  the  last  state  of  degradation  in 
education.  There  would  be  a  distinct  gain  if  all  engineering 
schools  and  engineering  departments  would  join  to  offer 
within  the  same  binding  a  brief  description  of  their  names, 
purposes  and  work.  This  could  be  sent  out  all  over  the  coun- 
try and  would  serve  the  purpose  of  indicating  the  opportuni- 
ties for  education  in  our  profession. 

How  should  a  faculty  be  organized  ?  Undoubtedly  the  best 
method  of  doing  business  is  under  some  kind  of  departmental 
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government.  An  engineering  school  has  naturally  certain  im- 
portant departments  like  civil,  mechanical,  electrical  and  min- 
ing engineering,  chemistry  and  perhaps  architecture,  each  one 
with  its  staff  consisting  of  a  chairman,  or  head  of  a  depart- 
ment, and  the  colleagues  who  join  in  carrying  on  the  work  of 
the  department.  It  is  bad,  however,  for  any  college  to  have 
too  strong  a  departmental  organization  or  to  have  one  de- 
partment overtopping  its  neighbors.  Rarely  can  the  most 
effective  cooperation  be  carried  out  under  such  a  system.  It 
has  always  seemed  to  me  better  to  have  a  head  of  a  depart- 
ment chairman  for  a  term  of  years  and  to  have  the  office 
changing  occasionally  so  that  the  chairman  of  the  department 
becomes  largely  the  mouthpiece  of  the  professors  and  not  the 
director  of  their  work  and  their  energy.  In  many  colleges,  de- 
partments constitute  what  an  officer  in  the  War  Department 
has  named  a  parallel  organization  with  every  bureau  having 
full  authority  and  no  person  or  persons  having  wide  profes- 
sional knowledge  to  reconcile  differences.  A  certain  amount 
of  emulation  and  competition  is  useful  but  pigheaded  ob- 
stinacy or  jealousy  in  the  maintenance  of  one  department 
against  another  is  destructive  of  efficiency  and  business  in  a 
college  as  in  the  government  departments. 

The  faculty  is  necessarily  divided  into  committees  for  the 
admission  of  students  and  for  supervising  their  work.  It  is 
almost  imperative  that  every  faculty  should  have  as  one  of 
its  committees  an  administrative  board,  whatever  that  board 
may  be  called,  to  see  that  the  students  keep  to  their  tasks 
and,  if  they  do  not,  let  them  know  about  it.  This  is  really  a 
friendship  board  as  well  as  a  disciplinary  board  because 
through  it  the  students  are  assisted  and  their  delinquencies 
are  called  to  the  attention  of  the  faculty.  A  third  committee 
is  useful  in  any  faculty — that  relating  to  the  organization  of 
courses  and  the  schedules  leading  to  a  degree.  These  three 
committees  necessarily  form  the  backbone  of  any  organization, 
other  committees  being  largely  subordinate  and  effective  only 
for  short  periods.    It  has  sometimes  been  said  that  the  presi- 
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dent  of  an  institution  ought  to  be  a  member  of  every  com- 
mittee but  that  seems  to  me  unnecessar3\  He  ought  to  be  a 
member  of  only  tlie  committees  on  which  he  can  be  useful. 
Sometimes  it  is  a  positive  disadvantage  to  have  him  a  mem- 
ber of  a  committee  because  the  member  in  that  way  lacks 
freedom  to  make  up  their  own  minds  in  their  own  way. 

The  arrangement  of  hours  for  lectures,  recitations  and  lab- 
oratories commonly  called  the  hour  plan  for  students  often 
presents  great  difficulties.  It  becomes  almost  impossible  in  a 
large  university  when  the  engineering  instruction  has  to  fit 
in  to  a  long-established  plan  for  academic  study.  Exactly 
that  happened  at  Harvard  when  engineering  was  reestab- 
lished in  1893.  For  that  and  other  reasons  the  engineering 
department  of  a  university  must  be  separate  from  the  aca- 
demic department.  In  most  eases  even  the  language  and 
mathematics  must  be  given  separately,  thus  establishing  a 
school  by  itself  in  an  alliance  with  the  academic  department, 
the  law  department  and  the  medical  department.  Its  meth- 
ods and  its  purposes  become  thus  almost  the  same  as  those  of 
the  ordinary  technical  school.  As  a  rule  the  hour  plans  are 
too  unsystematic  and  often  demand  very  irregular  hours  on 
the  part  of  the  student  and  of  the  instructor.  It  would  be 
worth  while  to  make  a  better  study  of  this  for  technical 
sehools  generally.  The  Naval  Academy  had  for  many  years  a 
plan  of  two  hours  assigned  to  each  subject.  This  meant  8-10, 
10-12,  2-4,  every  day.  Classes  were  arranged  in  small  sec- 
tions having  recitations  one  hour  and  then  one  hour  for  study 
in  each  of  these  periods.  The  ordinary  civilian  college  might 
have  something  of  the  same  arrangement.  At  the  Worcester 
Polytechnic  Institute  the  hour  plan  is  an  annual  affair  be- 
cause it  depends  to  some  extent  upon  the  number  of  students 
and  the  consequent  number  of  divisions  in  each  class.  This 
becomes  a  serious  task  to  some  of  the  instructors  and  adds 
to  their  burdens  entirely  outside  of  teaching. 

Engineering  schools  are  constantly  receiving  suggestions 
about  improvements  in  their  courses  of  study.     I  have  just 
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now  on  my  desk  at  home  either  outlines  or  suggestions  for 
new  courses  covering  safety  engineering,  administrative  engi- 
neering, business  engineering,  human  engineering,  aeronaut- 
ical engineering,  mental  hygiene,  and  I  do  not  know  what  to 
do  with  them.  These  propositions  are  symptomatic  of  the 
whole  country  where  everybody  has  a  happy  thought  which 
he  is  exploiting.  Washington  is  infested  with  the  happy 
thought  people  who  are  working  out  new  plans.  Our  trouble 
is  chiefly  that  we  are  not  unlike  the  Bandarlog  of  Kipling's 
stories.  We  cannot  in  the  ordinarj^  engineering  school  add 
any  new  courses  for  we  have  not  the  space  for  them.  We 
might  substitute  other  courses  in  order  to  change  the  engi- 
neering program  into  one  for  business  men.  It  seems  obvious, 
however,  that  our  first  task  is  the  education  of  young  men  in 
the  fundamentals  of  applied  science.  While  education  ought 
to  keep  up  with  the  times  it  would  be  a  mistake  to  substitute 
for  the  ground  work  on  which  our  profession  rest,  something 
that  is  merely  technical  and  informational.  No  subject  that 
has  been  found  by  long  experience  to  be  of  value  in  developing 
the  mind  ought  to  be  abandoned  for  a  technical  course  in  ad- 
ministration, business  or  aeronautics.  Engineering  education 
will  gain  nothing  if  we  are  led  astray  by  the  results  of  the 
war  into  professional  courses  which  a  man  would  naturally 
learn  after  graduation.  Some  universities  and  colleges  have 
adopted  in  their  engineering  departments  a  straight  three- 
year  course  in  engineering  with  no  specializing  whatever, 
leaving  the  fourth  and  perhaps  a  fifth  year  for  a  large 
amount  of  professional  work.  If  this  can  be  done  in  such  a 
way  as  to  place  the  last  years  at  the  disposition  of  the  de- 
partment in  which  a  young  man  is  going  to  graduate  the  hour 
plan  is  simplified  and  the  whole  course  of  study  is  made  syste- 
matic. It  may  be  added  here  that  a  fifth  year,  especially  if 
spent  in  another  college  or  university  would  be  excellent. 

It  has  been  suggested  that  the  engineering  schools  ought  to 
have  a  closer  alliance  with  the  engineering  societies.  I  have 
written  a  report  on  that  subject  for  the  information  of  the 
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American  Society  of  Mechanical  Engineers  in  the  hope  that 
that  society  may  take  some  share  in  the  education  of  students 
for  their  profession.  There  are  now  about  forty-eight  stu- 
dent branches  of  the  society  in  the  United  States.  It  is  pos- 
sible that  our  own  society,  the  S.  P.  E.  E.,  might  help  this 
relation  by  interesting  itself  in  the  student  branches  of  all 
societies.  Two  points  have  been  suggested.  First,  that  cer- 
tain scholarships  should  be  offered  to  the  engineering  colleges 
having  student  branches,  and  second,  that  a  definite  program 
of  work  to  be  conducted  by  the  students  themselves  might  be 
planned  out  in  a  syllabus  of  some  kind.  At  the  present  time 
most  student  branches  or  student  societies  break  down  be- 
cause they  do  not  have  anything  that  really  appeals  to  them 
for  their  weekly  or  monthly  meetings.  There  is  no  use  in  a 
student  society's  attempting  to  repeat  for  the  edification  of 
its  members  what  is  given  in  the  classroom.  My  belief  is  that 
some  interesting  subjects  disconnected  from  the  studies  might 
be  worked  into  a  little  handbook  that  would  prove  extremely 
valuable.  I  have  ventured  to  suggest  any  one  of  the  following 
for  the  coming  year : 

1.  The  general  effect  of  the  peace  conference  and  the  league 
of  nations  upon  the  work  of  the  engineer,  especially  in  com- 
mercial life  of  the  nation  during  the  next  generation. 

2.  The  method  by  which  war  disorganizes  industries  and  the 
work  of  reconstruction  that  invariably  follows  every  war. 
The  general  readjustment  that  must  follow  this  war  in  all 
the  belligerent  countries. 

3.  Standardization  for  manufacture  and  the  effect  of  this 
war  in  forcing  engineers  and  manufacturers  to  reduce  the 
number  of  parts  and  to  simplify  construction  of  all  kinds  of 
machines.     Standardization  for  guns  and  munitions. 

4.  Conservation  of  national  resources  including  fuel,  water, 
soil,  forest  and  minerals. 

5.  Labor  and  the  complete  readjustment  of  society  in  order 
that  employer  and  employee  may  live  together  in  peace.    Ex- 
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amples  of  the  solution  of  problems  in  different  manufacturing 
companies. 

6.  The  problems  of  transportation,  national  and  private 
ownership,  and  the  changes  consequent  upon  improvements 
and  rapidity  of  transportation. 

A  student  branch  may  have  a  number  of  purposes  so  that 
the  above  is  offered  merely  as  a  suggestion.  I  am  listing  here 
as  a  further  suggestion  the  general  purposes  of  student  meet- 
ings. 

1.  To  get  outside  lecturers  on  technical  subjects. 

2.  To  get  outside  lecturers  on  non-technical  subjects. 

3.  To  get  salesmen  or  agents  from  manufacturers  to  de- 
scribe their  product,  usually  illustrating  with  a  stereopticon. 

4.  To  obtain  lectures  on  general  subjects  from  members  of 
the  general  faculty  with  which  the  engineering  department  is 
connected. 

5.  To  encourage  students  to  speak  on  their  feet  in  public 
meetings  (a)  by  giving  them  the  periodicals  and  books  to  be 
reviewed  orally;  (&)  by  having  the  results  of  these  and  in- 
vestigations conducted  by  the  student  described;  (c)  hy  the 
delivery  of  brief  addresses  on  non-technical  subjects. 

6.  To  broaden  the  contact  with  engineering  by  joint  meet- 
ings with  other  branches  of  engineering  in  the  student  engi- 
neering society. 

7.  To  bring  students  together,  mainly  for  social  purposes 
and  for  making  them  acquainted  with  associations  and  their 
usefulness  to  them  personally. 

8.  To  teach  them  initiative  by  non-interference  with  the 
student  branches,  thus  leaving  to  students  all  activities  out- 
side of  the  classroom. 

Just  at  this  time  we  have  a  great  deal  of  discussion  in  the 
United  States  on  the  subject  of  research.  How  far  ought  re- 
search to  be  encouraged  in  a  technical  school  and  in  a  uni- 
versity? The  two  types  of  institutions  differ  in  this  regard 
because  the  technical  school  rarely  has  the  money  to  conduct 
research  on  a  sufficient  scale  to  make  it  of  great  value.    Some 
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of  the  professors  and  instructors  have  time  to  do  something 
and  it  is  to  be  hoped  that  legitimate  and  proper  research  may 
be  encouraged.  We  all  know,  however,  the  sham  that  often  is 
perpetrated  in  the  name  of  research.  Theses  are  usually 
worthless  so  far  as  the  engineering  world  or  applied  science 
is  concerned.  Furthermore,  we  are  in  a  fair  way  to  go  at  re- 
search in  much  the  same  way  as  a  housekeeper  would  go  at 
sweeping  up  a  room  to  find  a  pin  that  had  been  dropped.  We 
cannot  sweep  up  the  whole  universe  and  our  science  as  it  is 
to-day  will  be  something  different  to-morrow.  There  is  room 
for  a  much  better  organization  for  study  and  research  by 
bringing  colleges  into  relation  with  the  National  Academy  or 
with  the  testing  departments  of  the  great  industrial  firms  of 
the  country.  Let  us  never  forget  in  this  connection  the 
danger  which  science  may  hold  for  the  whole  human  race  un- 
less we  approach  it  in  a  spirit  of  righteousness,  with  a  deter- 
mination that  it  shall  never  be  used  for  the  destruction  of  all 
that  mankind  has  done  up  to  this  time. 

Has  experience  in  the  Students'  Army  Training  Corps 
taught  us  anything?  We  must  remember  the  two  types  of 
colleges.  Those  that  have  nothing  but  what  is  known  as  a 
general  education  as  the  end  in  view  and  those  that  have 
training  for  some  occupation  in  life.  The  effect  of  the  experi- 
ment with  the  Army  varied  much  with  different  colleges  all 
over  the  country.  In  New  England  it  v/as  not  very  satisfac- 
tory with  any  kind  of  a  college.  In  the  Middle  West  it  seems 
to  have  been  acceptable.  I  do  not  share  the  views  of  many 
educators,  because  I  do  not  believe  that  we  learned  anything 
of  any  great  value  to  us  about  courses  (yc  administration  dur- 
ing these  few  weeks  of  military  control.  The  war  conditions 
taught  iLS  a  great  deal  but  it  was  not  because  we  were  closely 
allied  with  the  Army.  It  is  possible  that  colleges  with  no  pro- 
fessional aim  were  benefited  in  some  way.  Instruction,  how- 
ever, suffered  as  the  course  of  study  were  seriously  interfered 
with  and  the  object  for  which  studies  were  given  were  largely 
lost  sight  of.     We  had  a  case  in  Worcester  where  young  men 
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were  sent  away  to  the  heavy  artillery  school  from  two  col- 
leges, those  sent  from  the  Worcester  Polytechnic  Institute 
having  had  a  first-rate  training  in  mechanical  engineering  and 
those  sent  from  an  academic  college  largely  religious  in  char- 
acter having  had  no  training  in  engineering.  This  was  ab- 
surd. The  net  result  was  on  the  whole  a  lesson  against  too 
much  control  by  the  Army  and  Navy. 

If  military  training  is  to  be  continued  it  should  be  on  terms 
offered  by  the  engineering  colleges  and  arranged  in  such  a 
way  as  not  to  interfere  with  either  administration  or  organi- 
zation. If  the  specifications  are  supplied  by  the  War  De- 
partment in  which  the  colleges  have  no  voice  there  is  certain 
to  be  the  same  kind  of  a  result  as  that  with  the  Students' 
Army  Training  Corps.  The  officers  of  the  Army  do  not  as  a 
rul€  know  much  about  education.  Many  of  them  have  gradu- 
ated from  West  Point  which  is  a  school  of  discipline — not  an 
educational  establishment — and  consequently  they  usually  err 
in  making  their  plans  too  rigid.  The  summer  vacation  is  the 
time  for  military  training  and  under  proper  conditions  six 
weeks  €very  summer  at  a  Plattsburg  camp  might  be  made 
one  of  the  requirements  for  a  degree.  During  the  school  year 
students  should  be  under  their  regular  faculty  without  any 
military  control  whatever  and  during  the  summer  they  could 
be  under  the  discipline  of  the  Army  or  Navy  without  any 
faculty  control.  Some  additions  or  substitutions  in  the  nature 
of  physical  training,  military  law,  and  the  military  policy  of 
the  United  States  might  be  advisable  but  it  is  doubtful  if 
any  technical  training  in  materials  for  war  would  be  worth 
while.  Engineering  schools  are  not  unlike  the  professional 
schools  of  law  and  medicine  where  it  would  be  poor  business 
to  place  a  military  unit.  Consequently  any  arrangement  with 
the  government  ought  to  take  into  consideration  the  special- 
ties for  which  technical  schools  train  their  students,  specialties 
that  are  of  the  highest  value  in  time  of  peace  and  of  supreme 
value  in  time  of  war  for  manufacturing  weapons  and  putting 
them  into  the  hands  of  the  soldiers. 

66 


ENGINEEKING  COLLEGES  AND  ADMINISTRATION. 

I  have  made  no  attempt  to  go  into  great  detail  in  this  paper 
because  I  believe  personality  and  character  are  far  greater 
elements  in  the  success  of  an  engineering  school  than  any  type 
of  administration.  Our  conception  of  man's  life  as  one  of 
orderly  and  steady  development  through  the  various  schools 
so  that  a  child  may  enter  the  primary  department,  subse- 
quently the  college,  and  lastly  the  career,  without  confusion, 
is  not  sound.  Every  one  of  these  changes  marks  a  sudden 
break  and  a  necessary  readjustment  to  new  conditions. 
There  is  no  system  of  instruction  and  no  system  of  adminis- 
tration that  will  enable  a  student  to  glide  smoothly  from  the 
secondarj^  schools  into  the  freshman  year  of  college.  He  must 
get  a  jolt  of  some  kind  and  must  find  himself  under  condi- 
tions approaching  manhood  where  he  is  freed  more  or  less 
from  the  tutelage  of  the  home,  of  the  boarding  school  or  a 
high  school.  It  is  not  necessarily  a  bad  thing  for  a  boy  to 
have  a  break  of  this  kind  and  it  is  rather  a  good  thing  that 
different  colleges  and  preparatory  schools  should  have  their 
individualit}'.  Wlien  we  standardize  education  in  such  a 
way  that  all  schools  are  alike  and  all  teachers  are  alike,  it  will 
be  nearly  time  to  go  back  to  the  forest  to  live  on  nuts  and 
berries.  The  chief  interest  in  life- is  found  in  variation  and 
no  school  ought  to  forget  that. 

We  all  know  that  organization  depends  for  its  effectiveness 
on  men  and  women  far  more  than  on  rules  and  constitutions. 
Yet  some  rules  promote  trouble  and  the  chief  effort  towards 
college  administration  should  be  towards  some  system  that 
minimizes  the  possibility  of  friction  or  lost  motion  and  at  the 
same  time  encourages  the  individual  to  ^xert  his  best  effort. 
That  is  the  only  reason  for  administration  of  any  kind.  My 
conclusion  is,  that  while  the  work  of  a  college  outside  of  the 
class  room  is  interesting  and  while  it  should  be  well  planned 
and  carried  out,  the  essential  task  is  the  education  of  boys  and 
girls  and  the  development  of  good,  useful  citizens  capable  of 
doing  something.  We  have  had  too  many  examples  of  what 
administration  and  its  unintelligent  methods  can  do  for  a 
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department  in  our  own  government.  At  times  it  seems  al- 
most impossible  to  do  business  either  during  peace  or  war. 
Certainly  we  have  much  to  regret  over  the  cast-iron  system 
based  on  what  is  known  as  "passing  the  buck"  and  keeping 
minute  records  of  things  that  have  no  importance.  It  was 
the  most  unsatisfactory  performance  of  the  war  and  but  for 
the  manhood  and  courage  of  our  young  soldiers  overseas  the 
scientific  management  in  Washington  would  have  lost  the  war. 
It  is  known  as  red  tape  and  every  government  in  the  world  is 
afflicted  with  it. 

I  can  see  only  certain  essential  things  of  a  definite  nature 
to  recommend  in  relation  to  the  maintenance  of  a  college, 
taking  for  granted  that  as  much  administration  is  put  in  as 
will  carry  the  work  mthout  friction.     They  are : 

1.  The  time  of  a  teacher  should  be  occupied  with  adminis- 
tration as  little  as  possible. 

2.  The  class-room  work  of  a  teacher  should  afford  him 
leisure  for  improvement  in  presenting  his  subjects  to  students. 

3.  Students  should  he  encouraged  to  present  and  discuss 
subjects  for  themselves,  usually  outside  of  the  class  room. 

4.  The  national  engineering  societies  should  be  asked  to  co- 
operate not  only  with  this  association  but  with  the  colleges 
themselves  towards  broadening  out  engineering  education. 

5.  The  salaries  of  professors  and  instructors  should  be 
sufficient. 


THE  PROBLEM  METHOD  AT  THE  ENGINEERING 

SCHOOL,  U.  S.  ARMY,  CAMP  A.  A. 

HUMPHREYS,  VA. 

BY  MAJOR  C.  C.  MORE  AND  CAPT.  W.  E.  DUCKERING, 

U.  S.  Army. 

The  primary  purpose  of  The  Engineering  School  at  Camp 
A.  A.  Humphreys,  Va.,  is  to  stimulate  and  encourage  the  stu- 
dent in  the  exercise  of  his  power  of  independent  thought,  rea- 
soning and  judgment,  and  to  increase  his  ability  to  cope  with 
new  situations  when  confronted  with  them  in  engineering 
practice,  rather  than  merely  to  provide  him  with  a  fund  of 
engineering  information  and  abstract  theory,  valuable  as  the 
latter  are  as  adjuncts  in  his  training.  This  purpose  was  laid 
down  as  a  guiding  principle  at  the  very  beginning,  by  the 
Chief  of  Engineers,  Major  General  W.  M.  Black,  and  was 
emphasized  continually  by  Colonel  V.  P.  Peterson,  Com- 
mandant of  The  Engineer  School.  In  the  half-year  ending 
June,  1919,  under  the  personal  direction  of  Colonel  Earl 
North  and  with  the  enthusiastic  cooperation  of  the  instructors, 
this  object  was  attained  in  the  Department  of  Mechanics  of 
Engineering,  by  the  use  of  methods  similar  to  those  which 
have  been  in  successful  operation  during  the  past  six  or  seven 
years  at  the  University  of  Washington,  Seattle.  (The  Wash- 
ington method  of  teaching  mechanics  is  the  outgrowth  of  sev- 
eral years  of  experimentation  carried  on^with  the  enthusiastic 
encouragement  and  support  of  Professor  A.  H.  Fuller,  then 
dean  of  the  College  of  Engineering.  A  brief  description  of 
this  method  is  given  in  an  article  by  W.  E.  Duckering,  in 
Engineering  Education,  May,  1917.) 

The  major  portion  of  the  classroom  work  was  devoted  to 
stimulating  mental  effort  on  the  part  of  the  student,  and  to 
training  him  in  practical  methods  of  attacking,   analyzing, 
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and  solving  engineering  problems,  instead  of  being  devoted  to 
the  usual  methods  which  attempt  to  cover  a  set  amount  of 
text-book  material,  and  center  instruction  around  that  pur- 
pose. The  student  was  encouraged  to  use  his  own  judgment 
and  to  make  use  of  ideas  which  had  grown  out  of  his  own 
previous  experience.  An  endeavor  was  made  to  lay  the  founda- 
tion for  future  effort  within  the  student  himself,  rather  than 
in  a  text  which  he  could  carrj^  under  his  arm.  Every  encour- 
agement was  offered  to  the  development  of  what  may  be  called 
the  ''engineering  mind." 

In  this  method  there  are  two  definite  phases  of  the  work: 
First,  the  phase  in  which  study  problems  are  used,  and  second, 
that  in  which  drill  or  training  problems  are  used.  Study 
problems  were  designed  for  purpose  of  analysis  rather  than 
synthesis,  with  concrete  engineering  situations  used  as  a  basis. 
Where  feasible,  the  objective  ideas  corresponding  to  technical 
terms  used  by  engineers  were  presented  by  means  of  visits  to 
actual  engineering  structures.  In  this  manner  the  students 
were  enabled  to  more  easily  visualize  and  understand  the 
technical  language  of  the  engineer.  For  example,  a  bridge 
was  visited  before  the  first  study  problem  was  taken  up.  The 
names  and  functions  of  the  various  parts  were  discussed,  and 
the  question  was  raised  as  to  the  path  traversed  by  a  load 
placed  upon  the  bridge,  as  it  is  transmitted  through  the  mem- 
bers of  the  bridge,  from  its  point  of  application  to  the  ground. 
This  introduced  one  of  the  fundamental  principles  of  engi- 
neering thought  into  the  minds  of  the  students  at  an  early 
stage  in  their  training.  This  visit  to  the  bridge  was  not  made 
for  the  purpose  of  analyzing  that  particular  structure  but  to 
introduce  the  subject  of  structures  in  general.  The  subse- 
quent class-room  work  dealt  with  a  different  type  of  bridge 
and  during  the  course  many  types  of  bridges  were  used  in 
problems,  so  that  the  student  would  not  be  limited,  in  his  idea 
of  bridges  in  general,  by  the  one  that  he  happened  to  inspect 
first. 

In  the  classroom,  the  first  definite  study  problem  dealt  with 
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a  pony-truss  span,  for  which  were  furnished  the  usual  engi- 
neering detail  drawings  showing  all  dimensions  and  sections. 
Military  necessity  required  that  a  certain  heavy  howitzer  be 
taken  across  the  bridge.  The  question  was  asked:  **Is  the 
bridge,  in  its  present  condition,  safe  for  this  load  ? ' '  With  the 
situation  before  them,  the  students  were  turned  loose  upon  the 
analysis  of  the  problem.  The  next  step,  following  naturally 
from  the  discussion  held  at  the  bridge  site  when  inspecting  the 
structure  in  the  field,  was  to  determine  how  the  structure 
might  fail.  Each  student  was  required  to  use  his  own  ideas 
and  make  a  list  of  possible  sources  of  failure.  These  lists  were 
taken  up  for  general  discussion,  and  from  this  as  a  starting 
point  the  students  were  led  step  by  step  to  investigate  the 
various  members  of  the  structure.  The  necessary  theoretical 
analysis  was  introduced  whenever  required.  The  hanger  and 
both  chords  had  purposely  been  designed  too  light,  thus  add- 
ing an  element  of  interest  to  the  search  for  possibilities  of 
failure.  When  the  students  discovered  these  members  to  be 
unsafe,  they  were  asked  to  redesign  them  in  accordance  with 
standard  specifications.  Naturally,  some  phases  of  the  analy- 
sis seemed  too  intricate  for  immediate  treatment  in  the  class ; 
but  these  were  easily  deferred.  For  instance,  in  the  case  of 
the  floor  system,  the  investigation  was  carried  to  the  point 
where  the  worst  positions  of  the  load  were  decided  upon,  and 
sketches  were  made  showing  the  probable  manner  in  which 
the  planks,  stringers  and  floor  beams  would  break,  but  the  de- 
termination of  the  actual  fiber-stresses  in  these  members  was 
deferred  temporarily  with  the  understanding  that  it  would 
be  gone  into  carefully  in  subsequent  discussions.  However, 
the  class  was  led  to  make  recommendations  concerning  means 
of  strengthening  these  parts  of  the  bridge  in  case  they  were 
found  to  be  unsafe. 

At  every  step  in  the  analysis  of  study  problems,  the  many 
possible  assumptions  underlying  the  mathematical  computa- 
tions were  alwaj's  discussed  at  length  by  the  class,  and  often 
two  or  more  assumptions  were  taken  as  a  basis  for  mathe- 
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matical  analysis  before  the  students  were  encouraged  to  make 
final  judgment  concerning  what  appeared  to  be  in  line  with 
the  best  practice.  In  this  manner  the  student  is  made  to  real- 
ize that  engineering  is  not  an  exact  science,  and  the  element  of 
judgment  plays  a  very  important  part  in  all  engineering  prob- 
lems. He  also  starts  his  career  with  a  more  open  mind  and  a 
greater  capacity  for  making  advances  along  new  lines  of  engi- 
neering thought.  He  develops  a  keen  interest  in  engineering 
literature,  especially  current  engineering  periodicals  and 
papers  and  discussions  of  engineering  societies.  Students  are 
not  subject  to  the  limitations  of  a  single  text,  but  find  it  ad- 
vantageous to  refer  to  several.  An  inevitable  result  of  this 
kind  of  training  is  the  tendency  of  the  student  to  rely  more 
and  more  on  his  own  judgment  with  respect  to  making  as- 
sumptions, and  in  all  his  work  the  student  shows  a  greater 
self-reliance  and  an  increasing  desire  to  do  independent 
thinking. 

The  chief  purpose  of  the  drill  problems  are  to  furnish  ve- 
hicles for  training,  and  for  fixing  the  use  and  understanding 
of  the  fundamental  principles  firmly  in  the  mind  of  the  stu- 
dent by  well-directed  repetition.  Practically  all  review  work 
had  these  purposes  in  view,  though  it  was  possible  to  use  these 
problems  as  a  means  of  grading  the  students  and  of  giving 
them  their  section  rating.  The  purpose  of  these  problems, 
held  before  the  mind  of  the  student,  is  the  opportunity  to  set 
up  good  habits  of  analysis  and  work,  and  to  increase  by  means 
of  carefully  organized  and  well  executed  computations  and 
sketches,  his  power  to  get  accurate  results  and  develop  speed, 
while  at  the  same  time  each  problem  makes  him  more  at  home 
in  the  use  of  the  necessary  mathematics  and  mechanics.  In 
order  to  aid  in  the  accomplishment  of  these  purposes,  the 
major  problems  were  broken  up  into  a  large  number  of  sub- 
problems  so  that  the  arithmetic  might  be  made  easy  and  so 
that  particular  attention  might  be  directed  to  a  great  variety 
of  special  uses  of  the  fundamental  principles.  In  order  that 
the  student  would  know  how  to  organize  his  work  with  a  view 
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to  the  development  of  speed  and  accuracy  in  execution,  and  a.s 
an  aid  to  clearness  of  thought,  he  was  required  to  work  in 
accordance  with  a  definite  set  of  specifications  covering  the 
means  whereby  system,  clearness,  and  accuracy  may  be  at- 
tained. He  was  taught  to  recognize  the  importance  of  each 
step  in  the  solution,  as  a  link  in  the  chain  leading  to  a  final 
result,  and  to  surround  his  computations  with  as  many  safe- 
guards and  checks  as  necessity  and  time  permitted.  The  re- 
sult of  this  training  in  the  mechanical  side  of  analysis,  was  to 
increase  tremendously  the  accuracy  of  the  work.  The  student 
found  himself  not  only  getting  more  definite  results  but  he 
also  developed  the  power  to  find  and  correct  his  own  errors. 
All  this  tended  to  increase  his  pride  in  his  work  and  to  give 
him  confidence  in  himself;  while  at  the  same  time  he  was 
forming  good  habits  of  thought  and  work  which  could  be 
transferred  to  his  engineering  practice  later  on.  In  short,  the 
class-room  work  was  made  to  approximate  actual  engineering 
experience  as  closely  as  possible. 

The  results  obtained  make  it  clear  that  a  system  of  instruc- 
tion designed  along  the  lines  sketched  above,  does  decidedly 
awaken  and  hold  the  interest  of  the  student  in  the  live  prob- 
lems of  the  engineering  world.  It  does  increase  the  confidence 
with  which  the  student  tackles  a  problem  and  stimulates  his 
self-reliance  and  initiative,  and  at  the  same  time  he  shows 
greatly  increased  industry  and  speed  of  learning.  This  is 
further  accentuated  by  the  fact  that  no  grading  is  done  on 
study  problem  work.  The  student  is  left  free  to  take  chances 
in  doing  independent  thinking.  The  grading  for  purposes  of 
classification  in  sections  is  based  entirely  upon  work  done  on 
drill  problems.  The  student  is  given  to  understand,  however, 
that  the  only  grades  which  effect  his  final  passing  in  the  course 
are  those  determined  in  the  last  four  or  five  weeks  of  work, 
when  nothing  but  review  problems  are  taken  up.  His  desire 
to  work  for  passing  marks  becomes  secondary  and  is  dwarfed 
by  his  desire  to  understand  engineering  theory  in  order  that 
he  can  use  it  in  his  work.    His  career  as  an  engineer  has  begun. 
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This  method  of  teaching  mechanics  offers  unusual  oppor- 
tunities for  instructors  to  do  original  work,  by  bringing  in 
new  problems  derived  from  their  own  experience,  and  by 
making  improvements  in  the  methods  of  presentation  and  in- 
struction. During  the  course  at  The  Engineer  School  the 
class-room  instructors  suggested  and  worked  out  several  study 
problems  of  great  value  and  they  also  discovered  certain  new 
applications  of  theory  which  greatly  amplified  the  work  in 
some  parts  of  the  subject,  and  extended  the  usefulness  of  cer- 
tain laws.  The  following  officers  were  class-room  instructors 
and  to  them  is  due  great  credit  for  the  success  of  the  course ; 
Majors  0.  0.  Kuentz  and  H.  W.  Sibert,  and  Captains  L. 
Graham,  W.  E.  Duckering,  W.  A.  Lyon,  E.  R.  Hyde  and  G. 
M.  Steese. 
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College  Administration. — Seldom  has  there  appeared  a  bet- 
ter presentation  of  the  different  phases  of  college  administra- 
tion, than  the  article  by  President  Hollis  of  Worcester  Poly- 
tecrnic  Institute,  appearing  dn  this  number  of  Engineering 
Education. 

The  object  of  administration  in  colleges  should  be  to  assist 
the  teachers.  There  is  no  other  excuse  for  an  administrative 
organization.  If  the  administration  requires  the  teacher  to 
take  an  undue  amount  of  time  from  his  teaching  duties  to 
make  reports,  attend  committee  meetings,  needless  faculty 
meetings,  etc.,  then  the  administration  fails  to  accomplish  its 
object.  It  is  unfortunate  that  the  trustees  of  many  institu- 
tions come  in  contact  only  with  the  problems  of  administra- 
tion with  the  result  that  the  administration  seems  to  be  the 
institution.  Many  have  the  point  of  view  of  the  trustee  who 
happened  to  meet  the  editor  in  the  office  of  the  superintendent 
of  buildings,  and  in  the  course  of  conversation  said  that  this 
office,  i.  e.y  the  superintendent's  office,  was  the  most  important 
one  in  the  institution,  showing  that  he  failed  to  comprehend 
the  reason  for  the  existence  of  such  an  office  which  is  simply 
to  provide  proper  space  for  teaching.  A  multiplication  of 
records  and  reports  absorbs  the  time  and  the  energy  of  the 
teacher  which  should  be  devoted  to  the  preparation  of  his 
work  of  teaching  and  research.  The  administration  should 
be  so  simple  and  flexible  that  the  teacher  does  not  know  that 
it  exists.  If,  under  such  an  organization,  certain  men  fail  to 
function  properly,  it  demonstrates  the  fact  that  they  are  not 
the  proper  type  of  men  for  teachers. 

Often  in  the  discussion  of  college  administration  the  idea  is 
conveyed  either  directly  or  indirectly,  that  administration  is 
one  factor  and  teaching  another.  As  an  actual  fact  we  know 
that  the  two  are  one  and  the  same.  Administration  can  not 
be  separated  from  teaching.  Probably  in  no  other  organiza- 
tion does  such  a  separation  occur.  It  is,  perhaps,  unfortunate 
that  the  word  administration,  has  come  into  such  universal  use 
in  connection  with  college  organization. 
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The  controlling  consideration  in  the  selection  of  the  teach- 
ing staff  and  in  the  planning  of  the  instruction  in  the  new 
Harvard  Engineering  School  are  thus  stated  by  President  A. 
Lawrence  Lowell :  ''To  train  men  to  think;  to  lay  a  broad  and 
deep  foundation  with  a  superstructure  which  can  be  com- 
pleted only  gradually  from  the  training  and  observation  that 
come  from  practical  experience ;  to  encourage  the  student  to 
understand  each  problem  so  thoroughly  that  he  can  apply  the 
same  principles  intelligently  in  the  solution  of  different  kinds 
of  problems;  and,  finally,  to  train  men  to  be  good  citizens  as 
well  as  good  engineers.'^  President  Lowell  has  expressed  in 
a  few  words  the  principles  that  are  probably  subscribed  to  in 
theory  by  all  engineering  teachers,  but  which,  on  an  impartial 
study,  many  of  them  would  have  to  admit  had  been  violated 
in  the  planning  and  conduct  of  engineering  courses.  .What  we 
have  been  trying  to  do  in  discussions  of  engineering  educa- 
tion lately  is  not  so  much  to  discover  new  principles  as  to 
prove  again  to  ourselves  the  validity  of  old  principles,  and  to 
inquire  whether  the  methods  we  have  been  pursuing  square 
with  what  is  sound  in  theory.  President  Lowell 's  declaration 
is  a  good  one.  We  find  the  same  principles  widely  subscribed 
to.  We  hope,  however,  that  all  who  accept  them  in  theory 
will  remember  the  homely  phrase  that  ' '  the  proof  of  the  pud- 
ding lies  in  the  eating  thereof."  Do  engineering  courses  pro- 
duce the  results  that  President  Lowell  lays  down  as  the  pur- 
pose of  the  new  engineering  school? 

*  Engineering  News-Becord,  Vol.  83,  No.  9,  p.  397. 
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LETTER  TO  THE  EDITOR. 

It  certainly  sounds  like  a  noble  thing  for  a  professor  to 
aspire  to  teach  his  pupils  to  think  and  to  do  research  work 
and  to  accomplish  something  beyond  the  mere  acquisition  of 
information.  Articles  written  with  such  ideas  in  mind  and 
proposing  to  teach  students  to  invent  and  originate,  read  very 
beautifully.  I  feel,  however,  that  such  articles  are  only 
visionary  and  that  the  writers  have  their  heads  in  the  clouds. 

An  almost  negligible  percentage  of  pupils  have  power  to 
invent  and  do  original  research  work.  This  power  cannot  be 
given  by  any  amount  of  instruction.  If  courses  are  therefore 
planned  with  the  idea  of  developing  such  powers,  they  will 
only  suit  an  exceedingly  small  percentage  of  the  pupils.  It  is 
very  often  the  case  that  the  majority  of  the  pupils  in  the  class 
are  in  a  haze  as  to  what  the  instructor  with  such  ideals  is 
talking  about. 

If  any  engineering  instructor  will  take  a  census  as  to  what 
his  pupils  are  doing  five  or  ten  years  after  graduation,  he 
will  find  very,  very  few  doing  original  research  work,  and  a 
very  large  majority  using  detailed  information  of  various 
kinds  which  they  have  to  grope  for  in  engineering  handbooks 
and  the  like,  because  they  were  not  given  concrete  details 
during  their  college  course.  The  very  few  pupils  who  are 
fitted  to  do  research  work  and  think  independently  have  no 
need  of  any  special  training  in  this  direction.  They  can  profit 
greatly  by  the  same  sort  of  course  as  is  given  their  less  original 
classmates.  They  themselves  have  the  necessary  power  to  add 
to  such  a  course,  whatever  is  necessary. 

Sanford  a.  Moss. 

May  6,  1919. 
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COLLEGE  NOTES. 

Colorado  School  of  Mines. — Professor  A.  P.  Little,  for- 
merly of  the  Bureau  of  Standards,  who  has  been  at  Yale 
during  the  past  year  in  connection  with  the  Signal  Corps 
Training  School  for  Officer  Candidates  has  been  appointed 
professor  of  electrical  engineering. 

University  of  Kansas. — C.  M.  Young  has  resigned  from 
the  position  of  assistant  professor  mining  research  at  the 
University  of  Illinois  to  take  that  of  professor  and  head  of 
the  department  of  mining  engineering  at  the  University  of 
Kansas. 

Lehigh  University. — Ralph  J.  Fogg,  a  member  of  the  civil 
engineering  department  for  eleven  years,  has  been  appointed 
professor  of  civil  engineering  and  head  of  the  department, 
and  Dr.  Fred  V.  Larkin,  for  the  past  four  years  assistant 
superintendent  of  the  Harrisburgh  Pipe  and  Pipe  Bending 
Company,  has  been  appointed  professor  of  mechanical  engi- 
nering  and  head  of  the  department. 

Massachusetts  Institute  of  Technology. — Dr.  V.  Bush  has 
been  appointed  associate  professor  of  electrical  engineering. 
Dr.  Bush  is  a  graduate  of  the  Electrical  Engineering  Course 
of  Tufts  College  and  received  an  M.S.  degree  from  that  college 
in  1914.  He  received  the  degree  of  doctor  of  engineering 
from  the  Massachusetts  Institute  of  Technology  in  1918. 

Messrs.  Frederick  S.  Dellenbaugh,  Columbia  University, 
1910;  Arthur  L.  Nelson,  ]\Iassachusetts  Institute  of  Tech- 
nology, 1915 ;  and  F.  B.  Philbrick,  Massachusetts  Institute  of 
Technology,  1918,  have  been  appointed  instructors  in  elec- 
trical engineering. 
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Sheffield  Scientific  School  of  Yale  University.— L.  W.  W. 

j\Iorrow,  who  has  been  at  Yale  on  leave  of  absence  from  the 
University  of  Oklahoma  during  the  past  year,  is  retained  at 
Yale  as  assistant  professor  of  electrical  engineering. 

G.  F.  Wittig  has  been  made  assistant  professor  of  electrical 
engineering  in  the  Sheffield  Scientific  School.  He  has  been 
at  Yale  during  the  past  year,  first  in  connection  with  the 
Signal  Corps  Training  School  for  Officer  Candidates  and  after 
its  disbanding  has  been  a  member  of  the  physics  department. 

H.  M.  Turner  has  been  made  assistant  professor  of  electrical 
engineering  in  the  Sheffield  Scientific  School. 

The  University  of  Minnesota. — The  board  of  regents  of  the 
University  of  ]\linnesota  voted  that  Dean  Lauder  W.  Jones, 
who  is  at  present  dean  of  the  School  of  Chemistry,  should 
also  fill  the  position  of  dean  of  the  College  of  Engineering  and 
Architecture.  They  have  in  mind  the  correlation  of  the  work 
of  these  two  colleges  and  hope  at  some  future  time  to  combine 
with  them  the  School  of  ]\Iines  and  make  at  this  university  an 
Institute  of  Technology.  Dean  Jones  assumed  his  duties 
July  15. 
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BOOK  REVIEW. 

The  Civil  Engineer's  Focket-Book.  By  John  C.  Trautwine, 
Civil  Engineer.  Revised  by  John  C.  Trautwine,  Jr.,  and 
John  C.  Trautwine,  3d,  Civil  Engineers.  Twentieth  edi- 
tion, xxxii  -f- 1,528  pages.  Trautwine  Company,  Phila- 
delphia.    Price  $6.00. 

This,  the  twentieth  edition  of  this  famous  handbook,  is  a 
worthy  successor  of  the  previous  volumes.  Three  hundred 
and  twenty  pages  of  new  matter  have  been  added  and  much 
of  the  former  material  has  been  condensed  and  arranged  in 
a  better  manner. 

The  chief  addition  is  the  large  section  devoted  to  railroad 
construction  and  maintenance.  This  presents  in  handbook 
form  all  the  facts  than  an  engineer  will  need  in  this  work. 

The  physical  appearance  of  the  book  is  good,  the  typog- 
raphy clear  and  the  thum'b  index  furnishes  a  ready  means  of 
quick  reference. 
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THE  PURPOSE  OF  ENGINEERING  SCHOOLS. 

BY  FEANK  J.  GOODNOW, 
The  Johns  Hopkins  University. 

It  gives  me  great  pleasure  to  avail  myself  of  the  privilege 
which  is  mine  as  representing  the  Johns  Hopkins  University 
to  welcome  the  members  of  the  Society  for  the  Promotion  of 
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Engineering  Education  at  their  meeting  on  this  occasion. 
The  university  esteems  it  an  honor  that  you  have  accepted 
our  invitation  to  carry  on  your  deliberations  within  our 
halls.  Our  feeling  of  gratification  is  due  to  two  considera- 
tions. In  the  first  place  we  feel  pleased  that  you  are  here. 
In  the  second  place  we  congratulate  ourselves  that,  although 
we  have  perhaps  the  youngest  engineering  school  in  the 
country,  you  have  been  willing  to  welcome  this  infant,  so  to 
speak,  among  the  ranks  of  mature  men.  We  feel  sure  that 
we  shall  profit  greatly  as  we  listen  to  the  words  which  you 
will  utter,  based  as  they  will  be,  on  your  long  experience  in 
the  field  which  we  all  are  cultivating. 

I  feel,  however,  that  my  words  of  welcome  should  be  ac- 
companied by  an  apology,  perhaps,  I  should  say  apologies. 
For  as  I  see  it  two  apologies  are  due.  One,  an  institutional 
apology.     The  other,  a  personal  apology. 

I  have  referred  to  the  youth  of  our  engineering  school. 
Now  youth,  whatever  may  be  the  advantages,  which  are  its 
incident,  is  subject  to  certain  disadvantages.  Our  institu- 
tional youthfulness  consists  not  merely  in  the  recent  estab- 
lishment of  our  school  but  as  well  in  the  fact  that  the  uni- 
versity, of  which  the  school  is  a  part,  has  been  located  at  its 
present  site  for  only  a  very  short  time.  We  have  had  neither 
the  time  nor  unfortunately  the  money  necessary  to  put  our 
physical  environment  into  a  condition  which  permits  us  to 
offer  to  you  the  kind  of  hospitality  which  you  deserve.  We 
have  no  dormitories  in  which  we  can  give  you  accommodation 
nor  a  commons  in  which  the  material  wants  of  the  inner  man 
can  be  satisfied.  We  must  perforce  ask  you  to  make  a  some- 
what long  journey  from  your  hotels  to  Homewood,  and  to 
pick  up  a  hasty  lunch  in  the  midst  of  the  machinery  with 
which  your  work  days  are  perhaps  too  familiar. 

When  I  think  of  what  we  can  offer  you  I  am  somewhat 
amazed  at  our  audacity  in  inviting  you  to  hold  your  meeting 
here.  I  fear  indeed  that  had  you  known  our  conditions  you 
would  have  hesitated  somewhat  before  consenting  to  come. 
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But  we  are  glad  to  have  you  with  us  and  I  hope  that  your 
meeting  will  be  successful,  profitable,  and  interesting. 

I  have  said  I  owed  you  a  personal  as  well  as  an  institutional 
apology.  That  apology  is  due  for  what  I  am  going  to  say 
apart  from  these  few  words  of  welcome.  It  has  been  my  fate 
to  be  president  of  an  institution  which  pays  comparatively 
little  attention  to  those  branches  of  study  with  which  my  past 
work  has  made  me  familiar.  A  lawyer  I  have  been  for  the 
past  five  years,  connected  with  an  institution  which  has  no 
law  school.  With  little,  if  any  knowledge,  of  science  or  the 
mechanical  arts  I  have  been  obliged  to  concern  myself  with 
questions  to  whose  solution  I  have  been  able  to  contribute  but 
little.  You  can  well  imagine  that  during  the  past  five  years 
I  have  had  to  submit  myself  to  a  process  of  education. 

So  when  it  becomes  my  privilege  to  address  the  Society  for 
the  Promotion  of  Engineering  Education,  and  when  I  realize 
that  I  am  venturing  to  say  something  on  the  subject  which 
specially  concerns  that  society  I  am  reminded  of  a  story  I 
heard  the  other  day  of  a  university  president  who  had  been 
long  in  the  harness  and  who  knew  pretty  well  what  was  to  be 
expected  at  such  functions  as  university  presidential  inaugu- 
rations. He  was  in  a  train  en  route  for  one  of  these  cere- 
monies when  a  friend  saw  him  and  asked  him  where  he  was 
going.  His  reply  was  "Oh,  I  am  going  to  hear  some  first 
thoughts  on  education."  When  I  recall  that  story  I  am 
conscious  of  the  fact  that  I  am  taking  perhaps  an  unjusti- 
fiable advantage  of  you  in  asking  you  to  listen  to  some  first 
thoughts  on  engineering  education. 

My  only  excuse  for  making  th^s  demand  of  you  is  that 
largely  because  of  our  recent  experiences  educational  waters 
generally  are  stirring  and  I  feel  sure  that  the  waters  of  engi- 
neering education  are  no  exception  to  the  rule. 

Some  of  the  first  thoughts  on  this  subject  which  have  come 
to  me,  really  a  layman,  are  in  the  nature  of  queries  rather 
than  conclusions. 

The  most  important  as  it  seems  to  me  is  the  query: 

What  is  the  purpose  of  an  engineering  school?     Perhaps 
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the  query  should  not  be  framed  this  way.  For  it  may  well 
be  that  there  is  no  such  thing  or  should  be  no  such  thing  as 
a  typical  engineering  school.  Perhaps  there  are  and  should 
be  different  types  of  these  schools.  If  this  is  the  case,  then  I 
suppose  the  query  should  be,  what  is  the  purpose  of  the  par- 
ticular school  with  which  we  happen  to  be  connected?  This 
query  it  seems  to  me  we  must  answer  before  we  can  reach 
any  really  valuable  conclusions  as  to  the  character  of  the 
engineering  education  which  we  should  endeavor  to  provide. 

As  I  have  come  to  see  it,  engineering  schools  in  general  or 
any  particular  school  may  have  one  of  three  purposes.  Per- 
haps, while  any  particular  school  may  emphasize  one  of  these 
purposes  it  may  have  the  other  purposes  as  well  in  mind. 

Now  these  purposes  as  they  outline  themselves  to  one  who 
comes  without  any  experience  and  with  very  little  knowledge 
to  consider  these  problems  are:  (1)  General  education  with 
emphasis  laid  on  scientific  subjects;  (2)  professional  train- 
ing; and  (3)  engineering  research. 

Some  schools  which  I  imagine  may  be  classed  as  engineer- 
ing schools  started  as  scientific  schools,  i.e.,  schools  in  which 
it  was  sought  to  give  a  general  education  through  the  study 
of  subjects  scientific  rather  than  literary  in  character.  Many 
schools  which  when  organized  were  schools  for  the  cultivation 
of  mechanic  arts  have  become  schools  devoted  to  general 
education  with  emphasis  laid  on  the  sciences  and  giving  little 
if  any  attention  to  classical  studies.  There  is  further,  little 
doubt  that  many  of  the  graduates  of  engineering  schools  do 
not  as  a  matter  of  fact  make  engineering  in  any  of  its  branches 
their  profession,  while  it  is  also  true,  I  believe,  that  some 
eminent  engineers  never  had  an  academic  engineering  train- 
ing but  went  from  a  so-called  literary  college  into  the  prac- 
tical work  of  the  engineering  profession. 

Now,  if  the  purpose  of  engineering  education,  or  perhaps 
I  should  say  if  the  purpose  of  an  engineering  school  is  to  give 
its  students  a  general  education  which  will  be  of  benefit  to 
them  in  other  than  the  clearly  professional  ranks  of  life  the 
problems  which  present  themselves  are  very  similar  to  those 
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presented  in  the  ordinary  college.  They  are  not  exclusively 
intellectual  but  are  as  well  moral  problems.  What  must  be 
sought  is  in  some  way  to  foster  the  building  up  of  character, 
the  cultivation  of  industry,  particularly  intellectual  honesty, 
the  capacity  to  evaluate'  correctly  the  things  which  life  pre- 
sents and  the  ability  to  make  a  profitable  use  of  one's  leisure 
time.  If  the  scheme  is  to  be  successful  these  qualities  must 
be  developed  in  addition  to  the  acquisition  of  any  particular 
facility  or  any  particular  kind  of  information. 

If,  however,  the  primary  purpose  of  the  school  is  profes- 
sional training  I  imagine  few  of  us  would  be  willing  to  say 
that  a  by-product,  at  least,  of  the  school  should  not  consist 
of  the  qualities  which  I  have  mentioned.  I  have  used  the 
word  by-product  because  I  feel  that  no  set  of  subjects  of  in- 
struction can  claim  a  monopoly  in  the  production  of  these 
qualities.  Some  of  them  will  be  the  result  of  the  community 
life  which  the  students  live.  Some  will  be  due  to  the  per- 
sonal influence  of  the  instructor.  For  few,  if  any,  will  the 
subjects  studied  be  solely  responsible. 

But  assuming  that  the  qualities  which  should  be  the  result 
of  all  education  are  secured,  a  scheme  of  education  which 
emphasizes  professional  training  as  its  principal  purpose, 
must  seek  for  something  more.  What  that  something  more 
should  be  is  a  question  which  I  hesitate  to  attempt  to  answer. 
I  am  afraid  my  first  thoughts  are  not  sufiiciently  definite  or 
not  sufficiently  based  on  experience  to  have  any  great  value. 
I  can  only  make  a  few  hesitating  suggestions  based  on  ex- 
perience in  other  fields.  There  is  always  great  danger  in  any 
line  of  work  that  instruction  in  it  becomes  entirely  academic. 
The  instructor  is  always  apt,  particularly  if  his  life  is  encom- 
passed by  the  barriers  of  institutional  environment,  to  get 
out  of  touch  with  actual  life.  He  comes  to  live  in  a  world  of 
his  own  and  of  his  immediate  fellows  which  is  quite  different 
from  the  extra  institutional  world.  In  some  lines  of  work 
such  an  attitude  of  mind  may  not  be  accompanied  by  serious 
disadvantages  but  a  professional  school  whose  instructors  are 
of  this  character  tends  to  become  too  theoretical.    Its  instruc- 
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tion  easily  becomes  too  didactic.  Its  learning  becomes  almost 
purely  book  learning.  Its  graduates  find  when  they  enter 
real  life  that  they  have  much  both  to  learn  and  unlearn.  I 
imagine  the  history  of  engineering  education  will  show  not  a 
few  instances  of  this  tendency  towards  the  academic  and 
away  from  the  actual.  Certainly  this  has  been  true  of  many 
of  our  agricultural  colleges.  I  remember  one  case  decided  by 
one  of  our  state  courts  which  is  illustrative.  An  action  had 
been  brought  to  take  away  a  charter  from  an  agricultural 
college  because  of  the  fact  that  it  was  using  for  classical  in- 
struction money  given  for  the  teaching  of  agriculture.  The 
court  refused — courts  are  always  reluctant  to  forfeit  char- 
ters— to  take  away  the  charter  alleging  as  the  reason  for  its 
action  that  a  knowledge  of  Latin  and  Greek  would  assist  the 
would-be  agriculturalist  to  understand  agricultural  terms. 

The  same  problem  confronting  engineering  schools  which 
emphasize  professional  training  as  their  primary  purposes, 
has  also  confronted  the  professional  schools  of  law  and  medi- 
cine. Thirty  years  ago  instruction  in  these  schools  was  almost 
entirely  didactic.  In  the  law  schools  the  student  studied 
text-books  and  attended  formal  lectures.  He  seldom  read  a 
case.  In  medicine  conditions  were  almost  the  same.  The 
student  read  about  typhoid  fever  and  pneumonia  in  a  book 
or  heard  them  described  in  a  lecture.  He  seldom,  if  ever, 
saw  in  his  course  of  study  an  actual  case  of  a  person  afflicted 
with  these  diseases.  He  certainly  never  participated  in  the 
care  of  patients.  This  has  in  large  measure  been  changed. 
Law  students  read  and  discuss  actual  reported  cases  as  a  part 
of  their  regular  course  of  instruction.  Medical  students  re- 
ceive what  is  called  bedside  instruction  in  hospitals  attached 
to  the  schools  they  attend. 

The  problem  of  the  professional  engineering  school  must 
be  solved  in  somewhat  the  same  way.  Laboratories  may  help 
but  they  will  not  be  sufficient.  For  laboratory  equipment 
soon  gets  out  of  date  and  with  the  resources  at  the  command 
of  most  schools  may  not  be  scrapped  and  replaced  by  some- 
thing new.    The  engineering  schools  will  have  to  devise  some 
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contact  with  the  outside  world  which  will  make  their  instruc- 
tion real  and  prevent  it  from  becoming  merely  academic.  But 
that  contact  must  be  such  that  neither  the  instructor  nor  the 
student  gives  up  more  of  his  time  to  purely  routine  opera- 
tions and  processes  than  is  necessary  to  acquaint  him  with  the 
conditions  of  the  world  he  is  to  enter. 

Finally,  even  in  a  school  which  emphasizes  professional 
training  something  must  be  done  for  the  student  which  will 
help  him  in  his  life  outside  of  his  profession.  For  he  is  a 
man  and  a  citizen  as  well  as  an  engineer.  As  a  man  he  must 
live  a  life  which  has  many  other  than  professional  contacts. 
He  will  be  in  a  world  which  has  other  than  professional  inter- 
ests. To  get  the  greatest  profit  from  that  world  and  to  lead 
a  life  which  is  most  worth  while  he  must  some  time  during 
the  period  of  his  education  lay  the  basis  for  the  cultivation 
of  tastes  which  will  enable  him  to  enjoy  non-professional 
things.  As  a  citizen  he  must  participate  in  the  solution  of 
problems  which  democracies  must  solve.  It  is  true  that  the 
cobbler  must  stick  to  his  last  but  when  cobblers  are  called  as 
they  are  in  popular  governments  to  take  a  share  in  the  deter- 
mination of  policies  they  must  in  some  way  be  assisted  to 
reach  right  conclusions.  What  is  true  of  cobblers  is  even 
more  true  of  engineers.  For  engineering  may  be  regarded 
as  a  learned  profession  and  engineers  are  educated  men,  who 
may  properly  be  called  upon  to  share  the  leadership  which  is 
so  necessary  to  wise  political  action.  I  heard  the  other  day 
of  a  student  in  the  Students '  Army  Training  Corps  in  one  of 
our  leading  universities  who  was  asked  in  an  examination  the 
name  of  the  people  who  inhabitate4  Hungary.  His  answer 
was  the  ''McGuires."  While  that  answer  revealed  the  fact 
that  the  man  had  a  basis  of  historical  and  political  knowledge, 
yet  that  knowledge  was  so  limited  and  imperfect  that  it  might 
lead  to  the  conclusion  that  he  had  mistaken  Hibernia  for 
Hungary. 

I  would  not  be  understood  as  asking  that  the  engineering 
student  should  be  expected  to  acquire  an  extensive  historical 
knowledge  during  his  undergraduate  course.     With  the  de- 
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mands  made  upon  him  by  his  strictly  professional  subjects 
such  an  expectation  would  be  doomed  to  disappointment. 
But  after  all  there  is  no  reason  why  engineers  should  not  be 
reasonably  cultivated  men.  And  for  the  average  man  the 
foundation  for  such  cultivation  as  he  is  successful  in  acquir- 
ing must  be  laid  in  his  college  course. 

One  of  the  difficulties  which  will  be  encountered  by  those 
who  try  to  lay  this  foundation  is  the  reluctance  which  the 
average  engineering  student  has  to  devote  himself  to  these 
non-professional  courses.  He  regards  them  both  as  useless 
and  uninteresting.  Perhaps  a  large  measure  of  blame  for 
his  attitude  must  be  laid  on  his  instructors.  Perhaps  if  a 
greater  attempt  were  made  to  make  these  courses  attractive 
even  at  the  peril  of  having  them  regarded  by  the  student  as 
** cinch"  courses  greater  success  would  attend  our  endeavors 
to  coax  the  engineering  student  to  consider  of  value  the  non- 
professional work  which  in  his  own  interest  he  should  be  re- 
quired to  undertake. 

The  two  problems  which  would  appear  to  be  as  yet  unsolved 
in  the  schools  which  emphasize  professional  training  are  thus 
the  contact  with  the  outside  world  of  engineering  and  the 
cultivation  of  the  man  and  citizen  as  well  as  the  engineer. 

The  third  purpose  which  engineering  schools  in  general  or 
some  engineering  school  in  particular  may  emphasize  is  engi- 
neering research.  This  purpose  is  probably  the  most  difficult 
of  realization.  Research  in  pure  science  may  without  great 
difficulty  be  carried  on  within  academic  walls.  It,  of  course, 
involves  the  expenditure  of  large  sums  of  money  needed  for 
the  equipment  of  laboratories  and  for  the  staff  to  which  the 
investigation  of  problems  is  intrusted,  but  experience  has 
shown  that  carrying  on  such  research  is  not  beyond  the  powers 
of  educational  institutions.  "When,  however,  we  come  to  the 
applications  of  science  conditions  along  many  lines  are  quite 
different.  The  laboratory  methods  which  suffice  for  pure  sci- 
entific research  are  often  ill  adapted  for  the  work  which  must 
be  done.  For  the  purpose  of  much  engineering  research  is 
not  so  much  the  ascertainment  of  scientific  truth  as  it  is  the 
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determination  of  the  commercial  practicability  of  particular 
methods  of  quantity  production.  This  purpose  can  hardly 
be  realized  in  many  cases  in  any  laboratory  which  a  univer- 
sity may  be  expected  to  provide.  Engineering  research  must 
in  many  cases,  to  be  successfully  prosecuted,  be  carried  on  in 
the  factory  and  in  the  mill. 

There  are,  however,  unquestionably  many  problems  the 
solution  of  which  can  be  begun  in  an  engineering  laboratory. 
There  are  probably  some  the  solution  of  which  may  be  com- 
pleted there.  So  far  as  this  is  true  it  is  very  desirable  that 
an  engineering  school  should,  if  possible,  devote  some  of  its 
attention  to  their  solution.  For  the  student  who  thus  learns 
to  solve  problems  not  only  acquires  knowledge  about  his  pro- 
fession but  at  the  same  time  cultivates  a  mental  attitude  the 
possession  of  which  will  probably  be  of  greater  value  to  him 
than  the  mere  acquisition  of  knowledge.  Work  of  this  char- 
acter is  even  more  valuable  to  the  instructor  than  to  the  stu- 
dent. Successful  accomplishment  in  this  direction  at  the 
same  time  stimulates  his  imagination  and  makes  him  a  more 
inspiring  teacher.  No  one  who  has  devoted  many  years  to 
teaching  can  fail  to  notice  the  deadening  influence  upon  his 
work  of  a  persistent  and  continuous  attention  to  what  is 
known  unaccompanied  by  some  striving  on  his  part  to  apply 
what  he  knows  to  the  discovery  of  something  that  is  unknown. 

It  may  well  be,  therefore,  that  the  most  successful  engineer- 
ing schools  will  be  ones  which  endeavor  on  the  one  hand  to  use 
the  subjects  which  they  are  called  upon  to  teach  as  subje<its 
from  which  some  measure  of  general  education  can  be  ob- 
tained and  on  the  other  to  give  a  r^easonably  adequate  pro- 
fessional training  with  which  will  be  combined  some  atten- 
tion to  research.  But  it  can  hardly  be  expected  that  any 
school  can  hope  successfully  to  do  much  more  than  to  lay  the 
foundations  upon  which  the  student  must  subsequently  build. 
No  engineering  school,  any  more  than  a  college,  can  expect 
its  students  to  acquire  all  that  is  comprised  in  a  general  edu- 
cation. No  engineering  school,  even  if  it  devoted  itself  ex- 
clusively to  professional  training,  could  hope  to  turn  out  its 
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graduates  finished  engineers.  Nor  could  it  if  it  gave  all  its 
time  to  engineering  research  hope  to  solve  all  the  problems 
which  arise  in  industry. 

So  it  seems  to  me  that  the  problem  at  the  basis  of  engineer- 
ing education  is  essentially  the  one  lying  at  the  foundation 
of  all  education,  which  can  be  carried  on  in  an  institution  more 
or  less  academic  in  character.  This  is  the  combination  of 
fundamentals,  a  reasonable  breadth  of  view  and  the  cultiva- 
tion of  the  capacity  to  solve  the  new  questions  which  are  con- 
tinuously presenting  themselves  in  every  line  of  work.  Such 
are  some  of  the  first  thoughts  on  engineering  education  which 
one  not  a  member  of  the  guild  ventures  to  present  for  your 
consideration  today. 
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INDUSTRIAL  RESEARCH—ITS  FUNCTION  AND 
ADMINISTRATION.* 

R.  E.  CARPENTEE, 

Manager  of  Lynite  Laboratories  of  the  Aluminum  Castings  Company, 

Cleveland,  O. 

While  a  great  deal  has  been  said  of  late  in  various  technical 
publications  regarding  research  work  and  the  organization  of 
industrial  research  laboratories,  I  believe  there  is  still  oppor- 
tunity for  the  advancement  of  the  idea,  since  not  only  does  the 
manufacturer  or  proprietor  shy  at  the  word  '* research,"  but 
he  is  more  or  less  aided  and  abetted  in  this  tendency  by  a 
certain  percentage  of  the  engineering  fraternity.  I  believe 
certain  mechanical  engineers  are  a  bit  too  prone  to  consider 
their  textbooks  the  last  word  and  to  place  too  little  value 
upon  advanced  scientific  developments  which  are  being  made 
from  day  to  day  not  only  in  our  college  laboratories  but  in 
the  industrial  laboratories  that  are  becoming  more  and  more 
general  throughout  the  manufacturing  world.  The  fact  is 
that  a  large  amount  of  valuable  research  work  which  is  being 
carried  on  today  is  of  an  absolutely  non-sensational  order  and 
in  many  cases,  being  of  a  confidential  character,  it  therefore 
does  not  get  into  the  limelight  of  publicity  through  the  tech- 
nical literature.  The  fact  that  such  data  are  not  available  in 
the  literature  until  it  has  served  to  advantage  those  producing 
it,  I  believe  to  be  one  of  the  best  arguments  in  favor  of  indus- 
trial research  work.  Each  individual  concern  must  carry 
along  its  own  scientific  developments  if  it  is  to  stay  abreast 
with  the  times.  Many  important  scientific  developments  are 
first  brought  to  light  in  the  form  of  a  finished  product  ready 
for  the  market,  perhaps  a  considerable  time  after  the  scientific 

*  Read  at  the  Mid- West  Sections  Meeting,  A.S.M.E.,  Indianapolis,  Md., 
October  25,  1919. 
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phases  of  the  work  have  been  written  into  history,  which  his- 
tory, however,  is  for  the  particular  benefit  of  the  concern 
financing  the  work.  Some  of  the  most  profitable  and  bene- 
ficial lines  of  research  have  to  do  with  the  stopping  of  the 
leaks  that  are  bound  to  occur  in  concerns  whose  business  is 
expanding  rapidly,  particularly  those  utilizing  or  producing 
raw  products. 

Writers  on  the  subject  of  industrial  research  have  used  as 
an  example  the  development  of  the  tungsten  filament,  which 
happens  to  be  one  of  the  sensational  products  of  research, 
until  this  illustration  is  practically  worn  threadbare.  How- 
ever, the  most  pessimistic  cannot  but  admit  that  the  old  say- 
ing, *  *  Where  there  is  so  much  smoke  there  must  be  some  fire, '  * 
holds  true  with  respect  to  the  awakened  interest  now  evi- 
denced in  industrial  research  throughout  the  country.  In 
my  remarks  on  this  subject,  I  shall  endeavor  to  deal  more  par- 
ticularly with  some  of  the  fundamental  functions  of  research 
to  industry  and  the  principles  involved  in  the  administration 
of  research  affairs  and  bring  out  as  clearly  as  possible  those 
phases  of  the  work  that  are  analogous  to  any  well-organized 
industrial  activity.  The  coordination  of  research  and  devel- 
opment departments  with  those  of  production  and  sales  is  as 
important  as  the  coordination  of  the  actual  activities  of  the 
research  and  development  organization  itself. 

In  spite  of  the  fact  that  the  word  *' research"  is  one  with 
which  the  industrial  world  is  becoming  more  and  more  fa- 
miliar, I  believe  in  the  minds  of  many  manufacturers  it  is  still 
shrouded  with  considerable  mystery  and  hazy  misconception. 
When  the  word  is  spoken,  some  of  us  have  a  mental  picture 
of  the  proverbial  absentminded  college  professor  surrounded 
by  a  disorderly  array  of  miscellaneous  apparatus,  delving 
into  abstruse  phases  of  some  given  art  or  science  in  the  hope 
that  he  may  hit  upon  some  new  law,  force  or  element  with 
which  to  startle  the  world,  but  we  do  not  associate  him  as  a 
benefactor  of  our  everyday  life.  Let  us  forget  this  picture 
and  define  the  word  *  *  research "  in  a  more  up-to-date  manner. 
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The  dictionary  says  ''research  is  a  systematic  investigation 
of  some  phenomenon  or  series  of  phenomena  by  the  experi- 
mental method  to  discover  facts  or  coordinate  them  as  laws. ' ' 
To  tie  this  definition  down  to  industry  a  bit  more  definitely,  I 
would  say  that  the  object  of  industrial  research  is  the  estab- 
lishment of  improved  standards  by  acquiring  and  compiling 
technical  data  of  which  fundamental  facts  are  the  basis. 

The  necessity  of  acquiring  reliable  technical  information 
and  facts  concerning  any  given  art  is  today  coincident  with 
the  development  of  any  large  manufacturing  establishment, 
provided  such  establishment  is  laying  broad  plans  for  the 
future. 

A  great  deal  of  valuable  work  has  been  done  in  past  years 
under  the  guise  of  engineering  development  which  might 
basically  be  called  research  work,  but  the  term  was  not  at  that 
time  as  popular  as  it  has  become  today.  I  refer  particularly 
to  the  utilization  of  by-products  which  has  been  carried  out  to 
a  remarkable  extent  by  various  large  industries  throughout 
the  country. 

Dr.  Meese  has  quite  properly  stated  that  the  smaller  the 
concern  the  more  urgent  the  necessity  for  research  work. 
There  is  hardly  a  concern  today  dealing  with  manufacturing 
processes  that  cannot  afford  to  spend  a  certain  portion  of  its 
income  in  studying  the  purely  scientific  phases  of  its  product. 
Industrial  development  and  advancement  must  be  based  upon 
standards  and  the  establishment  and  maintenance  of  these 
standards  is  of  vital  importance  to  the  growing  concern. 

The  numerous  process  troubles  which  are  encountered  in 
the  manufacture  of  practically  everything  we  use  today  are 
the  first  manifestations  of  the  necessity  of  these  standards  and 
as  a  business  becomes  more  complex,  these  troubles  become 
more  and  more  numerous  and  the  necessity  for  analyzing 
them  and  ascertaining  the  facts  back  of  them  necessitates  the 
application  to  the  problem  of  minds  trained  in  the  various 
sciences  involved.  Pure  scientific  research  may  be  shared  by 
both  the  college  and  industrial  laboratories,  but  applied  sci- 
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ence  must  be  fostered  by  industry  alone.  It  is  as  important 
to  know  what  not  to  do  as  to  know  what  to  do,  as  a  great  deal 
of  time  and  money  is  often  spent  in  doing  the  wrong  thing 
over  and  over  in  various  ways  before  the  right  way  is  found, 
more  or  less  by  accident. 

As  an  example  of  one  of  these  works  problems  that  caused 
one  of  our  largest  industries  a  great  deal  of  trouble  for  many 
years,  I  would  cite  the  instance  of  the  effect  of  changing  hu- 
midity on  the  spinning  and  weaving  of  cotton.  About  twenty 
years  ago  this  problem  was  studied  by  ventilating  engineers 
and  a  method  of  atomizing  moisture  into  the  atmosphere  of 
the  spinning  and  weaving  rooms  of  cotton  mills  was  developed 
so  that  a  close  control  of  the  humidity  could  be  maintained 
and  the  tendency  of  the  ends  to  break  because  the  weather 
changed  over  night  from  humid  to  dry  or  to  slacken  up  and 
necessitate  considerable  readjustment  if  weather  conditions 
were  the  reverse,  was  obviated. 

While  the  need  of  research  in  industry  is  first  felt  by  the 
necessity  of  applying  science  to  solving  fundamental  problems 
of  production,  the  research  department,  if  properly  manned 
and  backed  up  does  not  long  assume  the  role  of  the  doctor 
prescribing  to  the  ailments  of  business  but  by  reason  of  the 
knowledge  and  experience  thus  gained  soon  assumes  the  role 
of  pilot  laying  the  course  of  the  ship  of  industry  through  safe 
channels  along  the  rugged  shore  of  experiment  and  develop- 
ment to  the  ports  of  profit  and  success. 

In  the  administration  of  industrial  research  affairs,  an  im- 
portant phase  is  the  coordination  of  the  different  types  of 
minds  one  encounters  in  a  manufacturing  establishment,  all 
of  which  can  further  or  retard  the  work,  depending  upon 
their  attitude  toward  the  proposition.  Another  and  very  im- 
portant phase  is  the  selection  of  tasks  or  problems.  Usually 
these  will  be  presented  in  large  numbers  and  will  have  to  be 
weeded  out  by  preliminary  consideration.  I  strongly  recom- 
mend the  clear  definition  of  each  general  problem  and  its  de- 
tails; the  very  definite  recording  of  its  object  and  the  estab- 
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lishment  of  a  budget  system  requiring  separate  appropriations 
for  each  problem  which  may  have  to  be  increased  from  time 
to  time  if  the  problem  takes  on  a  more  elaborate  character  of 
investigation  than  at  first  anticipated. 

Space,  facilities,  and  apparatus  are  never  ample  from  the 
viewpoint  of  the  research  worker,  but  these  should  neverthe- 
less be  provided  without  stint  if  good  and  quick  work  is  to  be 
expected.  The  mistake  is  often  made  of  hiring  a  good  man 
and  limiting  his  usefulness  by  inadequate  facilities  with  which 
to  perform  his  task. 

I  cannot  entirely  agree  with  the  fifth  conclusion  in  Dr. 
Frank  B.  Jewett's  paper  read  before  the  Royal  Canadian  In- 
stitute at  Toronto,  September  8,  1918,  and  recently  quoted  in 
Mechanical  Engineering,  in  which  he  states  that,  ''Whatever 
the  scheme  finally  adopted  to  provide  for  an  expansion  in  the 
domain  of  fundamental  research  and  the  development  of  com- 
petent industrial  workers,  care  must  be  taken  to  insure  that 
pressure  from  the  industries  will  never  be  so  great  as  to  with- 
draw those  men  who  can  render  the  greatest  service  by  con- 
tinuing as  investigators  in  the  field  of  pure  research  and  the 
training  of  younger  men." 

He  goes  on  to  say  that  ' '  Such  a  course  would  be  suicidal  if 
long  continued  and  I  mention  the  point  because  of  the  fact 
that  my  experience  indicates  a  considerable  tendency  on  the 
part  of  industries  which  have  benefited  from  industrial  re- 
search to  endeavor  to  attract  into  their  service  the  best  of  the 
university  research  men. ' ' 

Dr.  Jewett's  conclusions  may  in  part  be  true,  but  I  cer- 
tainly feel  that  such  conclusions  ma5^be  properly  considered 
to  include  simply  men  of  strong  individualistic  tendencies 
who  would  with  considerable  difficulty  conform  to  the  require- 
ments of  organization  work  or  who,  by  reason  of  their  own 
desires,  would  prefer  the  sanctity  of  the  university  laboratory 
to  the  opportunities  presented  in  well  organized  and  financed 
industrial  research  work  along  some  specific  line. 

On  the  other  hand,  I  feel  that  it  is  entirely  legitimate  and 
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necessary  for  industrial  institutions  to  search  out  men  of 
genius  and  promise,  even  though  they  may  be  filling  impor- 
tant places  on  the  faculties  of  educational  institutions  and 
give  them  the  opportunity  to  further  broaden  their  horizon  in 
assisting  to  organize  and  conduct  industrial  research  where 
they  have  the  opportunity  to  take  the  young  college  graduate 
crammed  with  theoretical  textbook  knowledge  and  assist  in 
the  great  work  of  educating  him  in  the  application  of  these 
theories  to  the  everyday  problems  of  some  specific  industry. 

We  must  not  overlook  this  very  definite  need  for  breadth  of 
vision  and  mature  judgment  in  the  training  of  the  rank  and 
file  of  industrial  research  workers  and  I  maintain  that  our 
educational  institutions  must  share  such  talent  with  the  in- 
dustries in  order  to  carry  this  work  to  its  end  at  maximum 
efficiency  and  speed. 

Let  us  dwell  for  a  moment  on  the  industrial  research  organi- 
zation from  a  personnel  standpoint.  Let  us  assume,  for  ex- 
ample, that  a  certain  industrial  establishment  already  has  an 
engineering  department  and  is  producing  a  product  that  re- 
quires mechanical  engineering  talent,  not  only  in  its  design 
but  in  its  production.  Let  us  also  assume  that  the  pressure 
of  competition  as  well  as  the  necessity  for  broadening  and 
extending  its  field  of  usefulness  has  so  impressed  the  executive 
head  of  the  business  that  he  feels  the  necessity  for  a  more  sci- 
entific understanding  of  the  materials  and  processes  that  en- 
ter into  his  product  than  his  present  organization  can  supply, 
which  understanding  in  turn  may  assist  in  a  still  broader 
application  of  his  product  to  the  market  as  well  as  the  possible 
greater  utilization  of  by-products.  He  therefore  decides  to 
organize  a  research  department  capable  of  covering  all  three 
of  these  phases  of  his  business  in  a  thorough  and  scientific 
manner.  His  first  step  should  be  to  select  from  his  own  or- 
ganization, if  possible,  some  one  in  complete  sympathy  with 
the  ideas  and  of  sufficient  breadth  of  vision  and  experience  to 
appreciate  the  point  of  view  of  the  scientist  as  well  as  the 
engineer;  with  some  knowledge  of  his  business  problems  and 
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a  general  knowledge  of  business  affairs.  It  is  vitally  impor- 
tant in  the  early  days  of  a  research  department  of  any  busi- 
ness that  someone  who  has  a  keen  appreciation  of  the  point  of 
view  of  the  board  of  directors,  and  the  production  and  engi- 
neering department  as  well  as  that  of  the  scientific  worker 
should  act  as  the  intermediary  between  these  various  divisions 
of  the  organization,  as  any  one  endeavoring  to  introduce  re- 
search into  an  established  and  going  business  will  find  a  tre- 
mendous lack  of  sympathy  on  the  part  of  the  production 
organization  for  the  mental  attitude  of  the  research  worker. 
Respect  for  and  confidence  in  the  new  department  can  only 
be  built  up  by  the  tactful  education  of  all  factions  which  must 
positively  be  properly  coordinated  if  the  work  is  to  be  a 
success. 

This  is  a  difficult  position  to  fill,  but  it  is  vitally  important. 
In  a  small  concern  the  president  or  general  manager  is  the 
logical  person  to  function  in  this  position,  but  in  a  large  con- 
cern of  extended  affairs  a  separate  individual  is  necessary  and 
should  be  responsible  directly  to  the  president.  This  indi- 
vidual must,  also,  have  sales  ability,  since  on  the  one  hand  he 
must  continually  sell  the  proposition  of  research  to  the  pro- 
duction organization  and  on  the  other  hand  sell  the  needs  of 
production  and  sales  to  the  research  organization.  He  must 
furthermore  assume  responsibility  for  administering  all  of 
the  routine  affairs  of  the  department  so  as  to  relieve  the  sci- 
entific director  himself  of  all  annoying  details  so  that  his 
whole  thought  and  time  can  be  devoted  to  the  direction  of  the 
scientific  phases  of  the  work.  In  some  of  the  large  industrial 
laboratories  that  have  been  established  for  a  number  of  years 
we  find  the  scientific  director  carrying  this  function  on  his 
own  shoulders,  but  it  is  usually  found  that  such  directors  have 
had  some  considerable  experience  in  and  knowledge  of  general 
manufacturing  processes  in  the  specific  art  involved  and  have 
had  the  sympathetic  cooperation  of  some  principal  of  influ- 
ence in  the  organization  to  help  them  over  their  early  trials. 
It  is,  however,  extremely  difficult  to  find  the  combination  of 
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qualification  necessary  to  function  in  both,  capacities  in  one 
man. 

We  will  now  consider  the  scientific  director  himself.  He 
should  be  a  man,  preferably  of  some  standing  and  experience 
in  the  particular  science  most  involved  in  the  company's 
product,  well  balanced  in  his  ideas,  strong  of  character  and 
yet  not  individualistic  with  ability  and  experience  as  an  edu- 
cator. He  must  necessarily  embody  a  keen  understanding  of 
human  nature,  and  be  as  young  a  man  as  can  be  found  that 
will  answer  the  requirements,  as  very  often  several  years  are 
required  for  him  to  gain  a  thorough  knowledge  of  the  prac- 
tical traditions  of  the  particular  product  which  he  is  to  con- 
sider from  a  scientific  standpoint.  Such  a  man  should  ulti- 
mately become  a  powerful  factor  in  stabilizing  and  building 
the  business.  The  director's  first  duty  will  be  to  carefully 
study  the  company's  product  and  production  problems.  He 
must  qualify  himself  as  an  authority  on  all  of  the  technical 
phases  of  the  business  and  while  he  himself  may  do  but  very 
little  of  the  scientific  work,  he  must  be  able  to  direct  same  and 
judge  results.  His  second  task  is  the  selection  of  his  scientific 
staff  and  his  ability  to  do  this  well  will  in  a  large  measure 
spell  his  success  and  that  of  the  department.  A  specialist  in 
each  branch  of  science  involved  in  the  company's  business 
should  be  secured  and  he  should  be  allowed  in  turn  to  secure 
his  assistants. 

Supporting  this  scientific  staff  should  be  provided  various 
service  features,  such  as  a  staff  for  library  work,  the  compil- 
ing of  bibliographies  and  the  abstracting  of  articles  from  tech- 
nical publications.  A  close  liaison  should  be  maintained  with 
sales,  production  and  patent  departments  by  one  or  more  indi- 
viduals with  scientific,  engineering,  or  practical  experience  as 
the  case  may  require.  I  believe  that  it  is  often  highly  desir- 
able to  mix  with  scientific  men  a  number  of  engineers  and 
practical  specialists,  particularly  if  the  work  of  the  Research 
Department  combines  any  phase  of  experimental  development. 

The  most  important  phase  of  the  first  two  years  work  of 
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an  industrial  research  department  is  the  development  of  men. 
Therefore,  select  young  men  with  potentialities  whose  train- 
ing and  enthusiasm  will  provide  a  ground  work  for  the  devel- 
opment of  concerted  team  work  rather  than  brilliant  indi- 
vidual attainment. 

To  vitalize  the  immediate  future  of  industrial  research,  we, 
first  individually,  and  second  collectively  as  a  great  engineer- 
ing society,  have  a  real  work  to  perform  which  might  well  be 
considered  a  duty.  We  passed  some  time  since  from  that 
period  of  industrial  development  in  this  country  marked  by 
the  slaughter  of  natural  resources  which  lay  in  such  abun- 
dance that  huge  industries  were  built  up  without  any  consid- 
erable regard  for  the  economic  and  complete  utilization  of 
nature 's  stocks.  For  several  years  far-sighted  men  have  been 
preaching  the  doctrine  of  conservation  of  natural  resources. 
One  phase  of  such  conversation  is  the  more  complete  utiliza- 
tion of  what  we  are  obliged  to  consume.  This  means  scien- 
tific research,  not  only  in  the  iron  and  steel  industry,  the 
paper  industry,  the  packing  industry,  the  electrical  industry, 
all  of  which  have  well-advanced  research  departments  at  the 
present  time,  which  incidentally,  is  one  of  the  reasons  for 
their  size  and  impregnable  position,  but  scientific  research  in 
every  industrial  activity  of  the  nation.  Every  last  thread  of 
our  national  industrial  fabric  must  necessarily  pass  under 
the  microscope  of  science  if  it  expects  to  survive.  Every 
ramification  of  our  business  structure  must  do  its  share  of 
writing  the  textbooks  of  the  future.  That  is  all  that  research 
is — simply  using  the  scientific  knowledge  of  today  to  write 
the  science  for  tomorrow,  but  since  -diis  must  needs  be  checked 
and  verified,  as  we  go  along,  we  use  the  industries  upon  which 
depend  our  very  existence  as  the  vehicle  for  its  propagation. 

The  introduction  of  science  into  industry  serves  a  double 
purpose.  By  reducing  cost  and  at  the  same  time  improving 
product,  it  automatically  raises  the  whole  standard  of  manu- 
facturing products,  thereby  stimulating  national  competition 
which  will,  in  turn,  help  us  to  stem  the  tide  of  international 
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competition.  The  necessity  of  intensive  utilization  of  space 
and  resources  has  awakened  Europe  to  the  importance  of  re- 
search until  it  is  far  ahead  of  us  today  in  this  respect.  We 
must  study  this  situation  at  first  and  profiting  by  what  has 
thus  far  been  accomplished  in  Europe,  so  organize  our  indus- 
trial research  that  we  may  assume  an  offensive  rather  than  a 
defensive  position  in  the  markets  of  the  world.  If  we  can 
but  convince  one  or  more  prominent  concerns  in  each  industry 
that  the  application  of  pure  and  applied  scientific  research  to 
their  business  will  be  beneficial  and  get  them  to  organize  prop- 
erly balanced  departments  for  this  purpose,  their  competitors 
will  be  obliged  to  follow  suit  in  a  short  space  of  time  if  they 
expect  to  survive. 

We  have  two  distinct  types  of  research  laboratories  to  look 
to  for  precedent  and  ideas  at  the  present  time, — institutional 
and  industrial.  The  first  has  a  great  work  to  perform  in  the 
early  development  of  research  workers.  The  second,  which 
might  be  termed  the  graduate  school,  has  also  an  important 
function  in  providing  the  young  research  worker  turned  out 
by  the  institutional  laboratory  with  the  facilities  and  char- 
acter of  problems  that  will  enable  him  to  apply  his  theoretical 
training  to  definite  and  beneficial  ends  that  are  vital  to  the 
very  existence  of  our  industrial  life. 
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ENGINEERING  EDUCATION. 

BY  V.  KAEAPETOFF. 

It  is  true  that  a  student  in  engineering  gets  more  out  of 
theoretical  subjects  if  he  has  had  some  previous  practical  ex- 
perience in  the  same  branch  of  work.  The  theory  appears 
more  tangible  to  him  and  he  has  more  judgment  as  to  the 
relative  importance  of  various  factors.  It  is  also  true  that  a 
student  gets  more  out  of  his  shop  or  testing  experience  when 
his  first  steps  are  guided  by  a  competent  instructor.  Prac- 
tical experience  during  the  college  course  also  has  some  other 
advantages;  for  example,  it  is  not  so  humiliating  to  be  in  a 
subordinate  position  or  ask  foolish  questions  before  one  gets 
his  degree.  Again,  those  unfit  for  practical  work  can  early 
find  this  out,  and  those  particularly  fit  for  a  certain  kind  of 
work  early  establish  valuable  connections  with  suitable  firms. 

Shop  experience  for  students  is  also  good  for  colleges  them- 
selves, because  it  helps  to  keep  them  in  touch  with  up-to-date 
practice  and  keeps  the  teachers  on  the  qui  vive  for  all  kinds 
of  unexpected  practical  questions.  It  is  also  good  for  the 
shops  to  have  a  sprinkling  of  college  students  among  their 
workers  and  foremen. 

But  in  spite  of  all  these  advantages  of  cooperative  systems, 
the  big  question  is,  can  such  a  system  be  actually  carried  out 
efficiently,  without  detriment  to  the  academic  instruction? 
In  colleges  situated  near  industrial  centers  the  schedule  calls 
for  a  change  from  school  to  shop  and  back  every  few  weeks, 
but  in  a  university  like  Cornell  remote  from  large  factories, 
each  shop  period  must  be  at  least  one  term  long. 

The  shop  conditions  are  such  that  men  have  to  have  long 
hours  and  much  monotonous  routine  work.  If  left  alone  they 
chafe  because  of  alleged  waste  of  time,  and  if  they  have  classes 
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in  the  evening  and  have  to  write  reports  they  get  tired  out 
and  lose  all  interest  in  either  shop  or  theory. 

If  the  intention  is  to  still  limit  the  whole  course  to  four 
years,  then  this  can  be  done  only  to  the  detriment  of  theory 
and  of  scholastic  academic  atmosphere;  if  the  whole  course 
be  proportionately  lengthened  then  there  would  be  a  great 
temptation  to  go  to  schools  which  have  no  cooperative  system 
and  offer  the  same  degree  in  four  years. 

The  present  cry  is  to  elevate  the  engineering  profession,  to 
make  the  engineers  broader  in  their  economic  and  political 
views  and  also  to  give  them  a  more  thorough  scientific  train- 
ing. There  is  no  question  that  a  shop  experience  would  be  a 
useful  factor  in  both  respects,  provided  that  the  unsystem- 
atized observations  made  there  are  properly  interpreted  and 
generalized  by  broadminded  experts.  Otherwise,  the  shops 
would  tend  to  narrow  down  the  student 's  horizon,  by  empha- 
sizing firmly  established  things  rather  than  imagination  and 
search  for  new  relationships.  It  is  quite  possible  that  with 
properly  organized  shops  and  laboratories  in  the  college  itself 
the  good  sides  of  shop  experience  could  be  preserved  without 
their  disadvantages. 

Experimental  psychology  and  especially  late  tests  on  stu- 
dents and  on  army  soldiers  show  tremendous  differences 
among  men  who  have  hitherto  been  assumed  to  be  of  about 
the  same  mental  caliber.  Therefore,  fixed  curricula  and  the 
prescribed  quantity  of  work  seem  now  more  absurd  than 
ever,  because  with  two  men  the  same  amount  of  work  does  not 
correspond  even  approximately  to  the  same  mental  stimuli 
and  response.  From  this  point  of  view  it  is  wrong  to  advo- 
cate shop  experience  or  to  be  against  it  for  all  the  students. 
Some  men  would  undoubtedly  become  better  and  more  useful 
engineers  with  the  cooperative  system,  while  others  would  be 
simply  duUed  by  it.  For  these  "others"  the  place  of  the 
shop  should  be  taken  by  extra  chemistry,  economics,  differ- 
ential equations,  psychology,  research,  athletics,  art,  or  what- 
not, according  to  their  mental,  volitional  and  emotional  type. 

102 


COOPERATIVE    METHOD    OF    ENGINEERING   EDUCATION. 

In  colleges  situated  near  industrial  centers  the  cooperative 
system  can  be  carried  on  by  changing  from  shop  to  school 
every  week  or  two.  No  definite  conclusion  can  be  gained  at 
the  present  time  as  to  the  absolute  success  of  this  system  as 
carried  on  in  two  or  three  well-known  universities,  notably 
in  Cincinnati  and  in  Pittsburgh.  It  is  quite  possible  that 
such  a  system  can  be  quite  successful  with  a  proper  organiza- 
tion, and  with  teachers  who  believe  in  this  system  and  who  put 
inspiration  in  it.  It  probably  works  well  with  some  students 
and  others  probably  hate  it  heartily. 

It  would  seem  that  changing  at  frequent  intervals  from  one 
form  of  activity  to  another  should  involve  considerable  waste 
of  time  in  acceleration  and  retardation.  Even  with  ordinary 
regular  recitations  in  a  subject  say  twice  a  week  the  students 
seem  to  forget  a  great  deal  between  two  recitations. 

Summer  vacation  would  seem  to  be  the  proper  and  natural 
time  for  practical  experience,  or  a  whole  year  taken  off  before 
the  senior  year.  It  would  not  be  too  much  of  a  hardship  to 
require  each  student  to  spend  the  whole  summer  before  his 
senior  year  in  good  hard  practical  work  and  to  write  a  report 
on  it  as  part  of  the  requirements  for  graduation.  This  was 
a  requirement  in  the  C.  E.  College  in  Petrograd  from  which 
the  writer  was  graduated.  Additional  inducements  might  be 
given  students  for  spending  their  other  vacations  in  practical 
work,  provided  they  present  suitable  reports  giving  their  ex- 
periences and  an  analysis  of  the  same.  Even  academic  credit 
could  be  given  for  such  work  under  properly  safeguarded 
conditions. 

The  problem  of  shop  or  no  shop  during  the  college  course  is 
not  a  burning  or  important  one  at  the  present  time.  The 
paramount  problem  is  that  of  adaptation  of  education  to  the 
individual.  Recent  psychological  studies  show  such  tremen- 
dous differences  in  individual  abilities  and  in  the  kind  of 
stimuli  necessary  to  inspire  men  to  do  their  best  that  it  seems 
like  a  crime  and  a  folly  to  put  thousands  of  young  men  each 
year  through  the  same  standardized  grind.     The  next  prob- 
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lem  is  to  test  your  students  at  frequent  intervals  as  to  the 
state  of  their  soul  (not  the  amount  of  actual  information)  and 
to  prescribe  the  necessary  treatment.  So  a  skilled  photogra- 
pher watches  his  plate  during  the  process  of  development  and 
adds  this  or  that  ingredient  to  his  solution  according  to  the 
state  of  the  emulsion  and  the  character  of  the  details  that  are 
showing.  We  teachers,  on  the  other  hand,  put  hundreds  of 
plates  in  a  big  tank  and  turn  the  crank,  hoping  that  the  aver- 
age development  would  be  about  right. 

Every  few  years  we  get  alarmed  at  our  results,  and  then 
like  a  pendulum  we  swing  from  one  extreme  in  educational 
methods  and  curricula  to  another.  It  is  time  to  understand 
that  there  is  no  universal  method  of  education  applicable  to  a 
large  group  of  men,  and  that  the  problem  is  to  keep  on  analyz- 
ing each  student  during  his  course  and  giving  him  such  stimuli 
as  he  may  need.  This,  of  course,  presupposes  that  we  are 
clear  in  our  minds  as  to  our  final  product  desired,  and  this  is 
the  broadest  problem  that  we  educators  are  called  upon  to 
consider  and  to  solve.  And  there  is  again  a  danger  there  in 
settling  upon  just  one  solution ;  it  is  well  to  remember  that  it 
takes  all  kinds  of  people  to  make  up  this  world. 
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BY  G.  I.  MITCHELL, 
Assistant  Professor  of  Mechanical  Engineering,  University  of  Pittsburgh. 

The  honor  of  the  technical  profession  is  always  high,  the 
technical  man  guards  his  statements  with  jealous  care  and  is 
generally  careful  to  acknowledge  the  source  of  any  idea  not 
his  own.  But  what  are  we  to  think  of  the  authors  of  technical 
books  who  permit  matter  to  appear  in  their  pages  that  has 
been  taken  from  copyright  material  already  in  existence? 

Take  the  case  of  the  college  professor  who,  let  us  say,  is  the 
head  of  the  mechanical  department  and  is  teaching  machine 
design.  Not  being  satisfied  with  the  machine-design  texts 
already  in  existence,  perhaps  because  the  order  in  which  the 
work  is  arranged  does  not  agree  with  his  opinions  of  the  sub- 
ject or  because  the  various  relations  developed  do  not  meet 
with  his  approval,  he  gets  together  a  set  of  notes,  has  them 
mimeographed  and  hands  a  set  to  each  of  his  students. 

Because  these  notes  have  been  arranged  according  to  the 
professor's  particular  notions  he  finds  that  they  just  suit  his 
fancy,  he  can  teach  the  subject  with  less  friction  and  with  less 
effort  on  his  part — he  does  not  have  to  correlate  his  ideas 
with  those  of  another.  He  soon  comes  to  be  a  firm  believer  in 
the  fact  that  he  has  hit  upon  an  ideal  method  of  teaching  his 
subject  and  condescends  to  have  his^otes  published  as  a  text- 
book that  others  may  have  the  benefit  of  his  broad  intelligence. 

Very  good.  He  has  been  actuated  by  the  best  motives. 
But  let  us  see  how  these  wonderful  notes  have  been  collected. 
Did  he  sit  down  at  his  desk  and  evolve  them  from  his  own 
mind?  The  chances  are  very  few  that  he  did.  No,  he  con- 
sulted every  published  text  that  he  could  get  his  hands  on  and 
picked  out  the  parts  that  best  suited  his  own  ideas,  one  part 
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from  one  author  and  another  part  from  a  second,  and  so  on. 
Page  after  page  of  his  notes  was  copied  verbatim  from  other 
men's  books,  the  professor  merely  running  in  a  few  words 
here  and  there  to  avoid  a  too  abrupt  change  from  one  author- 
ity to  another.  Since  he  was  simply  compiling  these  notes 
for  his  own  use,  he  was  not  careful  to  give  reference  to  the 
men  who  were  responsible  for  the  subject  matter. 

After  the  elapse  of  a  few  years  the  professor  has  forgotten 
just  who  he  consulted,  has  forgotten  just  how  he  got  these 
notes  together,  so  that  when  he  makes  up  his  mind  to  publish 
his  text  he  simply  bundles  the  pages  together  and  sends  them 
off  to  his  publisher.  When  the  book  appears  it  is  submitted 
to  the  public  as  a  ''new  and  better"  text  in  machine  design. 
It  finds  its  way  into  schools,  the  men  from  whom  the  author 
cribbed  various  parts  read  the  new  text  and  are  somewhat 
surprised  to  find  page  after  page  of  their  own  material.  Let- 
ters begin  to  pour  into  the  office  of  the  publisher,  causing  the 
publisher  much  discomfort.  But  what  can  the  publisher  do  ? 
He  has  printed  the  text  in  good  faith,  depending  upon  the 
integrity  of  the  author  to  prevent  unpleasantnesses  of  this 
nature,  but  the  publisher  is  more  or  less  responsible,  and  to 
say  the  least,  is  in  a  bad  position.  The  author  himself  loses 
caste  and  is  regarded  as  a  thief  by  his  brothers. 

The  remedy  is  easy  to  find.  Let  every  author  of  a  book 
of  this  kind  search  his  notes  with  care  and  wherever  question- 
able material  is  found,  let  full  credit  be  given  or  let  him  give 
the  old  material  new  treatment  so  that  it  will  appear  in  his 
new  book  in  the  author's  own  words.  If  the  book  is  worth 
while  it  is  certainly  of  the  utmost  importance  that  the  writer 
keep  his  escutcheon  clean,  with  his  name  placed  high  in  bril- 
liant letters  on  the  roll  of  his  profession. 
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EDITORIAL. 

A  questionnaire  was  recently  sent  out  by  the  editor  of  a 
technical  journal  devoted  to  a  highly  specialized  subdivision 
of  one  branch  of  engineering  asking  among  other  questions 
if  it  were  thought  wise  to  have  a  chair  devoted  to  that  par- 
ticular subdivision  in  certain  engineering  schools.  The  field 
of  this  subdivision  is  large,  the  applications  are  numerous  and 
the  chances  for  further  developments  are  excellent. 

Should  a  chair  be  established  ?  This  at  once  brings  up  the 
question:  What  is  the  aim  of  engineering  education?  Of 
education?  The  question  is  an  old  one  and  in  these  days  of 
specialists  we  sometimes  forget  the  way  over  which  we  have 
come  to  our  present  position.  We  begin  to  think  that  we 
should  train  specialists  so  that  the  graduate  may  start  at 
once  to  produce  in  his  chosen  field  of  endeavor.  We  forget 
that  production  is  the  result  but  not  the  aim  of  education. 
The  aim  of  education  is  to  produce  a  man  who  can  think 
straight,  who  can  analyze  problems  correctly  so  that  a  solu- 
tion may  be  obtained  and  who  has  confidence  in  himself  and 
his  results.  To  do  this  there  must  be  a  thorough  training  in 
fundamentals  and  these  must  be  emphasized  even  if  no  time 
can  be  given  to  the  specialists. 

In  addition  to  the  above  point,  the  highly  special  branches 
are  unwise  because  many  students  do  not  and  cannot  know 
what  particular  subdivision  they  are  to  enter  upon  on  gradua- 
tion. Many  have  prepared  for  one  line  of  endeavor  only  to 
find  it  necessary,  on  account  of  changes  in  condition,  to  follow 
another.  Because  of  death  or  business  changes  some  who 
have  depended  on  relatives  or  friends  for  a  definite  position 
on  graduation  have  found  it  necessary  to  take  up  work  for 
which  their  preparation  has  not  been  as  complete  as  it 
should  be. 
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EDITOBIAL. 

Our  plea  is  that  education  should  be  so  thorough  in  the  ele- 
ments of  our  profession  that  the  graduate  is  prepared  by- 
little  extra  study  alone  to  enter  any  special  field  of  work. 
The  man  who  can  reason  from  a  thorough  grounding  in  mathe- 
matics, physics,  chemistry  and  their  developments,  and  in 
social  sciences;  who  can  read  what  others  say  in  one  or  two 
foreign  languages ;  who  can  express  himself  clearly  and  force- 
fully in  his  own  language  and  by  drawings  need  not  fear  to 
enter  any  branch  of  engineering. 

Our  endeavor  in  arranging  new  curricula  should  be  to  give 
a  thorough  grounding  in  fundamentals  rather  than  to  include 
the  many  specialized  divisions  of  engineering. 

Arthur  M.  Greene,  Jr. 
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COLLEGE  NOTES. 

The  Kansas  State  Agricultural  College  on  Soptember  29, 
1919,  had  an  enrollment  of  .''OO  students  in  its  collegiate  engi- 
neering courses. 

Construction  was  started  rn  September  24,  1919,  on  an 
addition  to  the  Engineering-  Building  which  will  cost  about 
$200,000,  and  will  provide  additional  facilities  for  housing 
the  departments  of  electrical  engineering  and  civil  engi- 
neering. 

Missouri  School  of  Mines. — The  Missouri  School  of  Mines 
has  just  issued  a  bulletin  on  "A  Bibliography  on  the  Roast- 
ing, Leaching,  Smelting  and  Electrometallurgy  of  Zinc." 
This  is  a  book  of  about  400  pages  and  can  be  had  free  of 
charge  by  those  interested  in  zinc  metallurgy. 

The  following  special  lectures  were  delivered  before  the 
Missouri  School  of  Mines  students  in  October : 

' '  Treatment  of  Refractory  Ores  by  the  Wet  and  Dry  Chlo- 
rination  Methods,"  by  F.  G.  Moses,  hydrometallurgist,  U.  S. 
Bureau  of  Mines,  Salt  Lake  City. 

"Electrolytic  Zinc,"  by  Esrl  S.  Bardwell,  superintendent 
ferro-manganese  department.  Anaconda  Copper  and  Mining 
Co.,  Great  Falls,  Mont. 

''Electrolytic  Copper  Relining,"  by  Earl  S.  Bardwell,  su- 
perintendent ferro-manganese  department,  Anaconda  Copper 
and  Mining  Co.,  Great  Falls,  Mon-ET 

''The  Use  of  Air  Lift  Pump  on  Tailings  Disposal  at  Hur- 
ley, New  Mexico,"  by  H.  T.  Abrams,  manager.  Air  Lift  De- 
partment, Ingersoll-Rand  Co.,  New  York  City. 
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THE    NATIONAL    COMMITTEE    ON    MATHE- 
MATICAL   REQUIREMENTS. 

The  National  Committee  on  Mathematical  Requirements 
was  organized  in  the  late  summer  of  1916  for  the  purpose  of 
giving  national  expression  to  the  movement  for  reform  in  the 
teaching  of  mathematics  which  had  gained  considerable  head- 
way in  various  parts  of  the  country. 

The  membership  of  the  committee  at  present  is  as  follows: 

Representing  the  colleges : 

A.  R.  Crathorne,  University  of  Illinois, 

C.  N.  Moore,  University  of  Cincinnati, 
E.  H.  Moore,  University  of  Chicago, 

D.  E.  Smith,  Columbia  University, 

H.  W.  Tyler,  Massachusetts  Institute  of  Technology, 
J.  W.  Young,  Dartmouth  College  (chairman). 
Representing  the  secondary  schools : 
Vevia  Blair,  Horace  Mann  School,  New  York  (representing 
the  Association  of  Teachers  of  Mathematics  in  the  Middle 
States  and  Maryland), 
W.  F.  Downey,  English  High  School,  Boston  (representing 
the  Association  of  Teachers  of  Mathematics  in  New  Eng- 
land), 
J.  A.  Foberg,  Crane  Technical  High  School,  Chicago  (vice- 
chairman)    (representing  the  Central  Association  of  Sci- 
ence and  Mathematics  Teachers), 
A.  C.  Olney,  Commissioner  of  Secondary  Education,  Sacra- 
mento, California, 
Raleigh  Schorling,  The  Lincoln  School,  New  York, 
P.  H.  Underwood,  Ball  High  School,  Galveston,  Texas, 
Eula  Weeks,  Cleveland  High  School,  St.  Louis,  Mo. 

Last  May  the  committee  was  fortunate  in  securing  an  ap- 
propriation of  $16,000  from  the  General  Education  Board, 
which  has  made  it  possible  greatly  to  extend  its  work.     This 
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work  is  being  planned  on  a  large  scale  for  the  purpose  of  or- 
ganizing a  nation-wide  discussion  of  the  problems  of  reorgan- 
izing the  courses  in  mathematics  in  secondary  schools  and 
colleges  and  of  improving  the  teaching  of  mathematics. 

J.  W.  Young  and  J.  A.  Foberg  have  been  selected  by  the 
committee  to  devote  their  whole  time  to  this  work  during  the 
coming  year.  To  this  end  they  have  been  granted  leaves  of 
absence  by  their  respective  institutions. 

The  following  work  is  being  undertaken  immediately  : 

1.  To  make  a  careful  study  of  all  that  has  been  said  and 
done  here  and  abroad  in  the  way  of  improving  the  teaching  of 
mathematics  during  recent  years. 

2.  To  prepare  a  bibliography  of  recent  literature  on  the 
subject. 

3.  To  make  a  collection  of  recent  textbooks  on  secondary 
school  and  elementary  college  mathematics. 

4.  To  prepare  reports  on  various  phases  of  the  problem  of 
reform.  Eleven  such  reports  are  already  under  way  and 
others  are  being  projected. 

5.  To  establish  contact  with  existing  organizations  of  teach- 
ers with  the  purpose  of  organizing  a  nation-wide  study  and 
discussion  of  the  committee's  problem.  The  committee  hopes 
to  induce  such  organizations  to  adopt  this  problem  as  their 
program  for  the  year.  It  is  ready  to  furnish  material  for 
programs  and  also  to  furnish  speakers  at  meetings.  The  or- 
ganizations in  their  turn  are  to  furnish  the  committee  with, 
the  results  of  their  discussions  and  any  action  taken.  In  this 
way  it  is  hoped  that  the  committee  can  act  as  a  clearing  house 
for  ideas  and  projects  and  can  be  of  ^^sistance  in  coordinating 
possible  divergent  views  entertained  by  different  organi- 
zations. 

6.  To  promote  the  formation  of  new  organizations  of  teach- 
ers where  such  organizations  are  needed  and  do  not  exist  at 
the  present  time.  These  organizations  may  be  sectional,  cov- 
ering a  considerable  area,  or  they  may  consist  merely  of  local 
clubs  which  can  meet  at  frequent  intervals  for  the  discussion 
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and  study  of  the  problems  of  the  committee.  It  is  hoped  that 
such  clubs  can  be  organized  in  all  the  larger  cities  where  they 
do  not  already  exist. 

7.  To  establish  contact  directly  with  individual  teachers. 
The  committee  feeLs  that  this  is  necessary  in  addition  to  their 
work  through  organizations  in  order  to  induce  such  indi- 
viduals to  become  active  and  in  order  to  make  the  work 
through  organizations  effective.  Plans  for  establishing  this 
contact  with  individuals  on  a  large  scale  are  under  consid- 
eration, possibly  through  the  publication  of  a  Bulletin. 
These  plans,  however,  are  as  yet  in  a  tentative  stage. 

Organizations  can  be  of  assistance  by  sending  to  the  com- 
mittee a  statement  of  the  name  of  the  organization,  its  officers 
for  the  coming  year,  the  time  and  place  of  its  meetings  and 
information  regarding  proposed  programs.  If  any  organiza- 
tion has  within  the  last  ten  years  issued  any  reports  on  topics 
connected  with  the  work  of  the  committee,  copies  of  such  re- 
ports should,  if  available,  be  sent  both  to  Mr.  Young  and  Mr. 
Foberg.  If  this  is  impossible,  a  statement  regarding  the  char- 
acter and  place  of  publication  of  any  such  reports  would  be 
welcome. 

Individuals  can  be  of  assistance : 

1.  By  keeping  the  committee  informed  of  matters  of  interest 

that  come  to  their  notice ; 

2.  By  suggesting  ways  in  which  the  committee  can  be  helpful ; 

3.  By  sending  to  the  committee  in  duplicate  reprints  of  any 

articles  they  publish  on  subjects  connected  with  the  com- 
mittee's work; 

4.  By  furthering  the  work  of  the  committee  among  their  col- 

leagues, organizing  discussions,  etc. 
It  is  not  too  much  to  say  that  the  existence  of  this  commit- 
tee with  its  present  resources  gives  the  teachers  of  mathe- 
matics, both  individually  and  through  their  organizations  a 
unique  opportunity  to  do  really  constructive  work  of  the  high- 
est importance  in  the  direction  of  reform.  They  can  surely 
be  counted  on  to  make  the  most  of  this  opportunity. 
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PRESENT  STATUS  OF  RESEARCH  IN  THE  INDUS- 
TRIAL LIFE  OF  THIS  COUNTRY.* 

BY  C.  F.  HIRSHFELD. 

The  study  of  history  reveals  a  great  similarity  in  the  social 
and  economic  conditions  following  wars  of  great  magnitude. 
There  is  always  a  period  of  topsy-turvy-dom  during  which 
radicals  of  all  kinds  command  large  audience  and  during 
which  individuals  and  nations  act  as  though  they  had  been 
relieved  suddenly  of  all  historical  restrictions  and  bonds  and 
were  free  to  proceed  unhampered  in  the  pursuit  of  any  sort 
of  evolutionary  or  revolutionarj^  scheme  which  met  their  indi- 
vidual or  collective  fancies. 

This  period  always  flows  gradually  into  one  in  which  the 
necessity  of  continuing  an  ordered  social  life  is  appreciated  by 
the  great  majority,  and  the  world,  or  that  part  of  it  effected 
by  the  war,  settles  down  once  more  to  the  production  of 
wealth  and  the  pursuit  of  happiness  upon  a  plane  and  accord- 
ing to  methods  not  greatly  different  from  those  in  use  before 
the  cataclysm. 

The  real  lessons  of  the  war  and  the  lasting  results  thereof 
are  seldom  appreciated  until  they  can  be  viewed  in  retrospect 
and  often  through  a  vista  of  many  years. 

The  present  situation  bids  fair  to  duplicate  the  past.  We 
are  apparently  just  emerging  from  topsy-turvy-dom  into  a 
more  or  less  ordered  existence.  We  are  beginning  to  appre- 
ciate the  fact  that  sociological  surgery,  like  human  surgery, 
has  as  yet  certain  limitations.  We  may  perform  operations  of 
some  sorts  without  seriously  endangering  a  fairly  normal 
patient  but  when  the  severity  of  the  operation  exceeds  a  cer- 
tain limit  the  patient  is  apt  to  succumb  to  shock  even  after  a 
most  successful  operation  from  the  surgeon's  viewpoint. 

*Read  at  the  Mid-West  Sections  Meeting,  A.  S.  M.  E.,  Indianapolis, 
Ind.     October  25,  1919. 
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I  feel  that  it  is  well  to  bear  such  facts  in  mind  when  discuss- 
ing research  and  its  application  to  industry  in  this  country. 
There  seems  to  be  a  popular  impression  that  industrial  re- 
search did  not  exist  in  these  United  States  before  the  war, 
that  the  phenomenal  performance  of  Germany  and  her  allies 
was  due  to  the  development  of  such  research  in  Germany,  and 
that  we  are  now  about  to  take  up  work  of  this  sort  in  charac- 
teristic American  fashion,  producing  over  night  a  dozen  or 
more  research  laboratories  for  every  one  originally  possessed 
by  Germany.  The  facts  are  that  industrial  research  was  fairly 
common  in  this  country  before  the  war,  that  Germany's  per- 
formance, in  so  far  as  it  depended  upon  research,  was  largely 
based  on  the  utilization  of  the  results  of  research  rather  than 
upon  the  uncovering  of  new  facts,  and  that  to  multiply  re- 
search laboratories  and  facilities  in  this  country  at  too  rapid  a 
rate  would  lead  to  chaos,  waste  and  business  failure  instead  of 
acting  as  a  healthy  stimulant  to  a  slightly  neurotic  patient. 

We  must  not  expect  the  war  to  revolutionize  over  night  our 
methods  of  producing  and  of  doing  business  any  more  than 
we  can  expect  it  to  suddenly  '^ emancipate"  labor.  The  fact 
that  we  are  now  trying  to  enunciate  and  codify  principles  gov- 
erning the  relations  between  employer  and  employee  which 
have  been  in  the  process  of  development  for  decades  should 
not  lead  us  to  attribute  the  principles  themselves  to  the  war. 
The  disturbed  conditions  incident  to  the  war  merely  serve  to 
focus  attention  upon  the  problem.  This  is  a  convenient  time 
for  taking  account  of  stock  before  we  start  out  once  more  in 
ordered  fashion  to  develop  still  further.  Similarly,  there  has 
been  growing  in  industry  during  the  two  decades  just  past  an 
appreciation  of  the  fact  that  refin^  methods  of  analysis  pro- 
duce results,  and  the  war  has  simply  served  to  focus  attention 
upon  the  haphazard  way  in  which  industry  has  utilized  and 
adopted  such  methods.  This  is  unquestionably  the  time  at 
which  we  can  best  study  what  we  have  achieved  in  the  applica- 
tion of  industrial  research  and  at  which  we  can  best  plan  the 
future  development  in  so  far  as  it  is  controllable.  If  you  will 
look  over  the  papers  which  have  been  presented  before  this  or- 
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ganization  and  others  of  similar  type  during  the  past  three 
years  you  will  discover  that  some  of  the  best  minds  in  the 
country  are  already  engaged  in  just  such  a  task. 

There  is  another  popular  impression  which  I  believe  to  be 
basically  incorrect.  Research  is  regarded  as  a  name  for  the 
efforts  of  individuals  who  spend  their  working  hours  in  phys- 
ical and  chemical  laboratories  delving  into  the  so-called  secrets 
of  nature  for  the  purpose  of  extracting  hitherto  hidden  facts 
or  formulas  which  may  be  expected  to  have  commercial  value. 
To  me  this  is  entirely  too  narrow  an  interpretation.  I  regard 
research  as  the  search  for  facts  and  I  regard  industrial  re- 
search as  the  quest  for  facts  which  have  immediate  industrial 
value.  Research  as  now  pictured  by  the  multitude  may  be 
called  material  research.  Industrial  research  must  include 
many  other  varieties  if  it  is  to  achieve  its  end,  particularly 
economic  research  and  sociological  research.  Questions  of  eco- 
nomic and  sociological  types  are  just  as  amenable  to  laboratory 
treatment  as  are  problems  in  the  proper  method  of  heat  treat- 
ing a  given  grade  of  steel  or  in  the  modification  required  to 
take  account  of  mass  action  in  conducting  chemical  reactions 
on  a  commercial  scale. 

If  research  is  regarded  merely  as  the  determination  of  facts, 
every  department  of  industry  is  a  proper  field  for  research 
and  can  possibly  be  benefited  thereby.  In  fact,  if  this  defini- 
tion be  adopted,  modern  research  is  merely  an  organized  or 
ordered  development  of  the  methods  which  have  been  in  use 
for  generations.  Every  executive  and  every  individual  in 
charge  of  industrial  activities  has  had  to  make  decisions  and 
in  so  far  as  it  was  possible,  has  in  general  determined  facts 
on  which  to  base  these  decisions.  Unfortunately  the  deter- 
mination of  facts  in  many  different  lines  by  one  individual 
and  at  the  rate  required  to  keep  pace  with  the  evolution  of  the 
industrial  world  is  impossible  and  as  a  consequence  most  of 
our  successful  executives  have  fulfilled  Elbert  Hubbard's  defi- 
nition— they  decided  quickly  and  were  sometimes  right.  The 
marvel  is  that  they  were  right  in  such  a  large  proportion  of 
their  decisions. 
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All  that  we  can  hope  to  do  by  research  is  to  make  available 
for  such  men  the  facts  upon  which  to  base  a  greater  propor- 
tion of  their  decisions.  They  will  thus  have  to  depend  upon 
judgment,  instinct,  intuition,  or  guess,  as  you  like,  for  a  small 
proportion  and  their  work  will  be  just  that  much  nearer  to  an 
absolute  basis. 

I  do  not  like  to  pose  as  a  prophet — I  prefer  to  have  pome 
honor  in  my  own  country  if  it  is  obtainable.  However,  I  be- 
lieve it  is  patent  that  our  industrial  development  on  its  ma- 
terial side  is  already  out  shipping  the  economic  and  sociolog- 
ical development  required  to  stabilize  it.  We  are  learning  to 
produce  in  greater  quantities  and  in  greater  varieties  daily 
and  our  attention  is  so  focussed  on  this  work  that  we  are  giv- 
ing insufficient  thought  to  the  problems  of  finance,  distribution 
and  utilization  and  to  the  desires,  ambitions  and  hopes  which 
we  are  creating. 

The  literature  of  the  day  is  so  full  of  articles  giving  the  re- 
sults of  investigations  in  the  field  of  heat  treating  steel  that 
no  manufacturer  of  steel  products  can  plead  ignorance  of  the 
fact  that  exact  information  is  available  if  he  chooses  to  make 
use  of  it.  On  the  other  hand,  where  is  that  same  manufacturer 
to  learn  the  facts  with  respect  to  the  advisability  of  making 
plant  extensions  during  periods  of  rising  as  against  falling 
prices,  or  during  periods  of  decreasing  business  failures  as 
against  periods  of  increasing  failures?  Or  where  is  he  to  de- 
termine facts  with  respect  to  the  reasons  why  bonus  systems 
succeed  in  some  places  and  fail  in  others?  Or  where  is  he  to 
obtain  information  with  respect  to  the  relationship  existing 
between  the  rate  of  increase  of  wages  in  his  plant  or  in  his  in- 
dustry and  the  rate  of  increase  of  living  costs?  Eesearch  in 
such  fields  is  conducted  to  a  limited  extent  and  certain  publi- 
cations are  issued  for  the  purpose  of  distributing  the  results 
but  comparatively  few  industries  seem  1  )  Lave  recognized  the 
necessity  of  applying  this  sort  of  reseai'ch  to  the  problems  of 
industry. 

Does  it  not  appear  that  in  the  sudden  public  appreciation 
of  the  advantages  to  be  gained  from  material  research  we  are 
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threatened  with  a  one-sided  development  which  can  only  lead 
to  trouble  unless  corrected  at  the  start?  Does  it  not  appear 
desirable  for  organizations  such  as  this  Society  to  bring  to  the 
attention  of  the  public  the  fact  that  no  decision  of  any  sort 
need  rest  on  guess  work  if  facilities  for  all  the  necessary  types 
of  research  are  available  ? 

I  am  now  concerned  with  the  way  in  which  research  is  to  be 
conducted  or  financed.  For  my  present  purposes  it  is  imma- 
terial whether  the  federal  government  pays  for  this,  the  state 
government  pays  for  that  and  the  individual  producers  or  a 
group  of  producers  pay  for  something  else.  I  am  concerned 
with  developing  appreciation  of  the  fact  that  what  we  now  call 
research  is  merely  an  extension  and  refinement  of  methods 
previously  in  use,  with  driving  home  the  fact  that  material 
research  is  only  one  of  the  numerous  varieties  required  to  con- 
tinue the  present  industrial  development,  and  with  spreading 
the  doctrine  that  it  is  good  business  to  obtain  such  information 
as  is  necessary  to  enable  our  industrial  executives  to  base  their 
decisions  more  largely  upon  determined  facts  and  to  a  lesser 
extent  upon  so-called  judgment.  I  feel  particularly  that  the 
continued  stable  development  of  the  industrial  age  depends 
almost  entirely  upon  our  ability  to  bring  to  our  executives 
those  facts  which  will  enable  them  to  stabilize  the  social  struc- 
ture within  which  industrialism  is  contained  and  has  its 
growth.  I  see  no  way  of  doing  this  other  than  by  painstaking 
research  along  economic  and  sociologic  lines  and  at  such  a  rate 
as  to  keep  pace  with  the  results  attained  by  the  application  of 
material  research  which  industry  itself  may  be  depended  upon 
to  develop  at  an  ever  increasing  rate. 

I  admit  that  my  program  is  large — but  the  problem  with 
which  we  are  faced  is  large.  Our  country,  in  common  with  the 
rest  of  the  civilized  world,  has  developed  to  a  point  where  the 
conditions  we  have  created  are  leading  us  to  question  the  ade- 
quacy and  even  the  validity  of  what  we  have  regarded  as  fun- 
damental precepts  in  the  relation  of  man  to  man  and  of  nation 
to  nation.  Some  of  us  attribute  this  condition  to  the  rapid 
development  of  industry,  others  to  the  growth  of  social  con- 
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sciousness  and  still  others  to  the  continued  upward  progress 
of  man.  Attribute  it  to  what  you  will ;  it  is  a  fact  that  par- 
allel to  our  development  of  factories,  modern  methods  of  pro- 
duction and  of  ways  and  means  of  bending  natural  forces 
and  laws  to  our  ends  there  has  occurred  a  development  in 
human  relations  about  which  we  have  much  less  basic  knowl- 
edge and  over  which  we  can  exercise  correspondingly  less  con- 
trol. Is  not  a  rather  large  program  justified  by  such  a  set  of 
conditions  ? 
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FRESHMAN  ORIENTATION. 

BY  A.  C.  BAEBENROTH, 

Professor  of  English,  Syracuse  TJniversitj. 

In  1916  the  writer  composed  individual  letters  on  the  sub- 
ject of  a  general  informational  course  for  freshmen  in  the 
Smith  College  of  Applied  Science  at  Syracuse  University. 
These  letters  were  sent  out  to  a  selected  list  of  engineering 
school  executives  whose  names  appeared  in  the  March,  1916, 
Bulletin.  The  letters  were  not  of  the  questionnaire  type, 
but  after  a  brief  explanation  of  the  idea  in  the  mind  of  the 
writer,  asked  simply  for  information  concerning  the  methods 
employed  by  the  faculty  of  the  engineering  college  in  bring- 
ing freshmen  in  touch  with  college  ideals.  Forty-two  letters 
were  sent  out. 

Thirty-nine  replies  were  received.  Practically  every  one 
of  these  went  somewhat  into  detailed  explanation.  Fourteen 
were  accompanied  by  enclosures  of  booklets  that  were  offered 
as  concrete  evidence  of  what  was  being  attempted.  These 
booklets  are  as  a  rule  published  by  the  university  Y.  M.  C.  A., 
or  by  an  enterprising  student  or  society.  It  developed  upon 
analysis  that  in  the  majority  of  schools  the  attempt  to  bring 
freshmen  into  line  was  limited  to  a  single  lecture  by  the  dean. 
Only  four  of  the  schools  had  elaborated  on  the  introductory  lec- 
tures given  by  the  president  and  the  dean.  Moreover  the  course 
at  Brown  University  is  for  the  whole  university  rather  than  for 
the  engineering  college  as  a  unit.  Some  of  the  titles  noted 
below  have  been  used  at  Brown.  Purdue  University  has  an 
excellent  course  of  four  required  lectures  on  ''Health  and 
Efficiency  in  Your  University  Course."  The  University  of 
Illinois  has  a  more  extensive  course  of  lectures  for  freshmen, 
and  the  University  of  Idaho  has  a  required  series  of  eight 
matriculation  lectures  of  a  general  nature. 
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Many  of  the  letters  revealed  a  sincere  desire  to  accomplish 
something  in  the  way  of  properly  adjusting  freshmen  to  their 
new  environment.  An  equal  number  of  deans  stated  frankly 
that  although  the  need  was  great,  nothing  tangible  had  been 
done.  A  few  spoke  reminiscently  of  class  advisory  systems 
and  other  plans  that  had  fallen  into  innocuous  desuetude. 
**  Several  years  ago  an  hour  was  set  aside — unfortunately  the 
practice  has  not  been  maintained."  ''Student  conduct  is 
regulated  by  the  exactions  of  the  individual  professors." 
''For  some  time  we  have  had  in  mind  the  giving  of  a  course 
of  lectures  to  freshmen — nothing  definite  has  been  done." 
''We  are  considering  the  introduction  of  lectures."  "In  the 
past  more  or  less  sporadic  efforts  have  been  made."  "You 
will  see  that  a  good  deal  of  this  is  pretty  vague." 

Because  a  very  large  number  of  those  who  took  time  to  an- 
swer the  letter  fully,  asked  for  the  courtesy  of  a  response  in 
case  a  plan  was  worked  out  at  Syracuse,  the  writer  is  using 
the  present  method  of  explaining  the  simple  results  of  our 
experiments. 

1.  A  course  in  "freshman  orientation"  was  approved  by 
the  faculty  in  the  spring  of  1917.  The  work  was  to  be  con- 
ducted under  the  supervision  of  the  department  of  English, 
with  compulsory  attendance  for  all  freshmen.  The  course 
was  scheduled  to  meet  once  each  week.  Students  were  alpha- 
betically seated  so  that  a  cumbersome  roll  call  was  not  neces- 
sary, the  instructor  taking  the  attendance  after  the  lecture 
had  begun.  The  attendance  was  uniformly  good  to  the  end 
of  the  course,  the  men  showing  no  tendency  to  "cut."  No 
doubt  the  caliber  of  the  men  who^were  invited  to  speak,  ex- 
plains in  part  at  least  the  excellent  attendance  record.  Close 
attention  to  details  was  encouraged  by  having  it  unobtrusively 
passed  about  among  the  men  that  an  examination  of  some 
kind  would  be  given  at  the  conclusion  of  the  course. 

2.  It  was  thought  best  to  have  two  lectures  at  the  very  out- 
set on  "Right  Living."  In  order  to  preserve  the  academic 
spirit,  the  creation  of  which  it  was  one  of  the  objects  of  the 
course  to  stimulate,  it  was  finally  decided  not  to  have  a  medi- 
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cal  man,  but  to  invite  one  of  our  professors  from  the  depart- 
ment of  biology  to  explain  the  origin  of  life,  at  tlie  same  time 
leading  by  means  of  scientific  exposition  into  the  subject  of 
sexual  hygiene  as  a  natural  climax.  Two  lectures  were  de- 
voted to  the  accomplishment  of  this :  the  first  given  over  en- 
tirely to  an  elementary  exposition  of  the  evolution  of  life  in 
the  lower  forms  manifested  in  nature;  the  lecturer  not  as 
much  as  alluding  to  the  matter  of  right  living  as  applied 
directly  to  the  student  problem  in  the  solution  of  which  the 
lecture  was  to  assist  the  freshman.  As  it  turned  out,  the 
lecturer  did  not  reach  the  purely  human  side  of  his  subject 
until  the  last  half  hour  of  the  second  lecture.  And  it  was  not 
until  the  closing  minutes  that  he  spoke  ''straight-out"  to  the 
men  about  their  social  duties.  The  writer  has  listened  to 
numerous  lectures  by  "college  doctors."  He  has  several 
times  invited  a  Y.  M.  C.  A.  secretary  who  was  at  the  same 
time  a  physician,  to  lecture  to  his  freshmen.  But  never  has 
the  quiet  cumulative  effect  been  so  strong  as  in  this  instance. 
There  was  no  room  here  for  the  near-salacious  ''side-lights" 
that  undergraduates  in  certain  institutions  purposely  go  to 
enjoy  in  the  lecture  on  such  topics.  All  the  authority  of 
science  was  behind  this  lecture,  and  all  the  dignity  that  comes 
with  honest  exposition  of  such  a  subject  went  into  the  final 
and  direct  application  to  the  freshman.  The  lecturer,  of  pro- 
fessorial rank,  and  a  man  with  children  in  the  adolescent 
stage,  had  his  class  of  young  men  "sewed  up  tight"  without 
once  having  had  recourse  to  tricks  of  oratory  or  to  the  jug- 
gling of  horrifying  statistics. 

Concerning  this  most  important  of  all  the  topics  in  a  course 
of  orientation,  the  moral  is  clear.  First,  the  lectures  should 
be  scheduled  at  the  very  beginning  of  the  fall  term,  before 
the  student  has  fallen  into  the  temptation  that  is  almost  cer- 
tain to  come  in  some  form  to  the  youth  who  is  for  the  first 
time,  probably,  separated  from  the  restraining  influences  of 
home  and  tried  friends.  Secondly,  as  concerns  the  manner 
of  presentation,  the  lecture  should  be  leisurely  and  expository 
in  tone.     In  order  to  have  it  so,  a  man  from  the  faculty  is  the 
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best  choice.  A  display  of  surgical  monstrosities,  together  with 
a  flaring  account  of  the  accompanying  tortures,  secures  no 
practical  results  beyond  possibly  frightening  the  weak.  The 
manly  honesty  and  straightforwardness  of  biological  elucida- 
tion appealed  to  the  red-cheeked,  straight-up-and-down,  virile 
youths  in  our  course,  who  would  have  resented  an  attempt  to 
frighten  them,  but  who  allowed  themselves  to  respond  quickly 
to  right  knowledge. 

3.  Our  dean  gave  the  third  lecture,  ''The  Qualities  of  a 
Good  Engineering  Student."  This  at  once  served  to  give  the 
men  an  idea  of  what  would  be  expected  of  them  during  their 
four  years  at  college.  The  dean  as  the  head  and  forefront  of 
the  college  can  by  means  of  such  a  discourse  mold  the  plastic 
and  willing  mind  according  to  his  ideal  of  engineering. 

The  fourth  lecture  was  given  by  the  dean  of  the  Teachers' 
College  on  "System  in  Study."  Then  followed  a  period  de- 
voted to  the  exposition  of  the  *' Honor  System,"  which  is  in 
vogue  in  the  engineering  college,  and  concerning  the  merits 
of  which  representative  seniors  spoke,  one  from  each  of  the 
coordinate  departments.  At  another  meeting  of  the  course 
certain  senior  members  of  "Tau  Beta  Pi"  explained  the  value 
of  that  society  to  the  student  body  of  the  college. 

The  "Religious  Life  of  the  Student"  and  "Tobacco  and 
Liquor"  followed,  as  being  practical  in  their  application  to 
the  daily  life  of  the  men.  Our  professor  of  botany  was  will- 
ing to  tell  the  men  about  their  duties  in  the  church.  He,  also, 
preferred  the  explanatory  to  the  hortative  style.  The  pro- 
fessor of  economics  gave  an  address  on  tobacco  and  liquor, 
and  enlivened  his  statistics  by  direct  appeal  to  the  good  judg- 
ment of  each  individual.  In  the  matter  of  discussing  the 
tobacco  problem  before  students,  it  seems  to  the  writer  to  be 
best  policy  simply  to  extend  the  line  of  thought  opened  up 
by  President  Hyde  of  Bowdoin  College  in  a  frequently  printed 
"Address  to  Freshmen."  His  method  is  to  warn  and  guide, 
and  not  to  condemn. 

4.  Then  followed  two  lectures  that  were  intended  to  give 
the  freshman  a  new  slant  on  the  value  of  his  course  in  Eng- 
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lish:  ''The  Value  of  English  Composition"  and  "The  Value 
of  Public  Speaking."  As  the  head  of  our  department  of 
chemistry  had  collected  valuable  evidence  of  the  relation  be- 
tween a  graduate's  ability  to  express  himself  and  his  chances 
of  securing  a  good  position,  he  was  chosen  to  impress  the  class 
with  the  importance  of  the  study  of  English.  The  diabolical 
subtlety  of  this  choice  will  be  appreciated  when  it  is  recalled 
that  the  freshman  who  is  skeptical  of  the  value  of  English  in 
engineering  does  not  suspect  the  professor  of  chemistry  of 
prejudice  on  this  subject.  The  moral  is  that  a  member  of  the 
science  faculty  will  probably  be  more  impressive  than  the  pro- 
fessionally''interested  "member  of  the  literary  faculty.  The 
dean  of  our  school  of  oratory  gave  a  strong  talk  on  public 
speaking.  It  is  well  at  this  point  to  emphasize  the  distinction 
between  elocution  and  public  speaking,  because  the  engineer 
is  not  practically  interested  in  elocution,  and  probably  can 
not  be  interested  even  to  the  point  of  toleration.  A  man  who 
is  himself  a  model  of  the  natural  style  of  forceful  platform 
address  should  be  chosen  for  this  important  lecture.  The 
head  of  our  department  of  history  lectured  on  ' '  The  Develop- 
ment of  Style  in  Lincoln's  Addresses."  Our  professor  of 
Biblical  languages  and  literature  addressed  the  men  on  "The 
Origin  of  the  English  Bible." 

One  of  the  professors  of  the  engineering  faculty  took  the 
subject,  "How  to  Kead  Technical  Magazines,"  after  which 
the  professor  of  civil  engineering  lectured  on  ' '  How  to  Utilize 
the  First  Vacation."  This  was  not,  as  might  have  been  ex- 
pected, the  last  lecture,  but  was  pushed  ahead  in  the  schedule 
in  order  to  prepare  the  mind  of  the  student,  to  give  him  abun- 
dant time  for  reflection,  and  also  to  forestall  definite  plans 
that  might  conflict  with  his  best  interests  from  the  point  of 
view  of  engineering.  Specific  ways  were  not  suggested,  but 
the  underlying  principles  of  success  in  engineering  in  so  far 
as  the  proper  utilization  of  the  long  vacation  is  involved, 
were  clearly  analyzed,  so  that  the  average  student  should  have 
been  in  a  position  to  help  himself  intelligently  in  his  choice  of 
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work.  This  plan  avoids  the  paternal,  straight- jacket  method, 
and  acts  as  a  guiding  force. 

5.  After  this  the  head  of  our  department  of  philosophy- 
spoke  on  the  theme  ''What  is  a  University?"  The  direct 
application  to  the  problem  of  the  engineer  lay  in  the  proper 
orientation  of  engineering  in  relation  to  the  other  subjects 
taught  in  the  university.  ''Factors  of  Success  in  College 
Life"  followed,  the  points  that  were  emphasized  serving  to 
elucidate  still  further  the  principles  evolved  in  the  preceding 
lecture. 

Jn  order  that  our  men  might  secure  their  information  about 
Syracuse  University  from  authoritative  sources,  three  lec- 
tures were  given  on  the  following  interesting  topics:  "A  His- 
tory of  the  Campus,"  "Syracuse  Customs,"  and  "The  Story 
of  Syracuse  Athletics."  These  more  practical  subjects  nat- 
urally grew  out  of  the  general  discussion  of  the  immediately 
preceding  lectures. 

For  "Syracuse  Customs"  we  were  fortunate  to  have  avail- 
able our  Vice-Chancellor  Emeritus,  the  only  man  connected 
with  the  university  faculty  who  was  present  when  his  class 
was  graduated  in  1870.  He  has  noted  all  the  customs  of  the 
institution  lovingly,  and  gave  the  men  a  talk  they  will  never 
forget.  Ejffective  creation  of  the  true  spirit  of  alnm  mater 
can  be  accomplished  by  inviting  a  man  of  this  type.  The 
professor  of  architecture  explained  the  physical  growth  of 
the  university,  at  the  same  time  calling  attention  to  the  archi- 
tectural features  to  be  enjoyed  by  the  student.  The  subject 
of  athletics  was  treated  by  the  dean  of  our  college  of  Liberal 
Arts,  who  was  for  many  years  a^member  of  the  board  of  stew- 
ards in  charge  of  the  Poughkeepsie  Regatta,  and  the  univer- 
sity representative  on  the  intercollegiate  board  for  the  regula- 
tion of  football.  His  experience  not  only  gave  him  a  command 
of  the  facts,  but  impressed  the  men  with  the  importance  of 
the  reforms  and  true  tendencies  that  should  be  encouraged  if 
college  athletics  are  to  remain.  Entertaining  and  fascinating 
as  it  was  to  have  the  early  history  of  athletics  unfolded,  the 
lecturer  did  not  consider  it  his  mission  merely  to  entertain. 
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By  skilful  grouping  of  material,  and  by  apposite  comment  he 
drove  home  the  lessons  learned  from  the  *' athletic"  mistakes 
of  the  past. 

If  these  lectures  helped  the  student  to  a  more  certain  enjoy- 
ment of  his  university  life,  the  concluding  lectures  assisted 
him  in  the  intelligent  appreciation  of  the  countryside.  The 
departments  of  botany,  geology,  and  zoology  can  do  a  good 
service  in  freshman  orientation  by  popularizing  their  tech- 
nical lore  in  so  far  as  it  applies  to  the  countryside  adjacent 
to  the  campus.  Contrary  to  the  usual  assumption,  many  un- 
dergraduates still  are  formidable  walkers.  If  faculty  mem- 
bers bemoan  the  degeneracy  of  the  student  body  in  this 
respect,  it  is  probably  because  they  are  not  on  the  road  or 
in  the  field  often  enough  to  see  the  student  taking  his  consti- 
tutional. And  to  those  students  who  are  inclined  to  remain 
shut  in  because  they  see  no  object  in  a  country  ramble,  these 
lectures  were  a  challenge:  "The  Birds  of  Onondaga  County," 
"Neighborhood  Geology,"  and  "Wayside  Plants  and 
Flowers. ' ' 

6.  The  following  brief  written  examination  was  set  at  the 
last  meeting  of  the  course  in  May : 

Name  ten  lectures  given  in  this  course.  Characterize  each 
in  a  sentence. 

At  this  time,  what  lecture  above  all  others  seems  most  val- 
uable to  youf 

Explain  briefly  in  just  what  way  this  lecture  has  been  of 
value  to  you. 

7.  Additional  lectures  for  which  speakers  were  available, 
but  for  which  no  time  could  be  found,  might  be  used  in  place 
of  some  of  those  given:  "The  Relation  of  Good  Health  to 
Success  in  Engineering"  (this  should  be  given  by  a  man  who 
is  a  model  of  physical  and  mental  good  health  and  who  has 
been  successful  in  engineering  or  executive  work),  "The 
Proper  Illumination  of  Study  Rooms,"  "The  Human  Ele- 
ment in  Engineering,"  "If  I  were  a  Freshman  Again,"  "Po- 
litical Aspects  of  Engineering,"  "Law  and  Engineering," 
"Tau  Beta  Pi,"  "The  Relation  between  Theoretical  and  Ap- 
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plied  Mathematics,"  ''What  is  History?",  ''The  Relation 
between  Culture  and  Engineering  in  the  History  of  Man- 
kind." 

8.  It  will  be  noted  that  controversial  or  competitive  sub- 
jects of  the  curriculum  were  with  one  exception  avoided.  A 
course  that  aimed  to  call  attention  to  the  merits  of  each  field 
of  engineering  would  sooner  or  later  bring  down  upon  itself 
the  ridicule  of  the  class.  Professors  would  be  misunderstood 
in  their  effort  to  give  an  impartial  account  of  the  virtues  in- 
herent in  their  "special"  phase  of  engineering.  The  highest 
purpose  of  engineering  will  be  most  effectively  served  in  such 
a  course  as  this  if  the  curriculum  is  avoided  as  much  as  pos- 
sible ;  that  is,  if  the  curriculum  is  not  directly  discussed.  An 
exception  was  made  in  the  case  of  English  because  every  pro- 
fessor of  engineering  knows,  or  should  know,  that  the  enter- 
ing student  is  often  antagonistic  to  first-year  English,  simply 
because  he  can  not  see  its  value  or  its  bearing  upon  his  engi- 
neering problems.  The  other  and  more  fundamental  pre- 
paratory subject,  mathematics,  needs  no  sustaining  power  of 
this  kind  because  its  value  and  immediate  application  are 
obvious  even  to  the  freshman. 

9.  The  results  of  such  a  course  are  not  sufficiently  tangible 
to  be  measured.  The  full  realization  of  its  value  can  not 
come  until  several  classes  that  have  undergone  the  orienta- 
tion treatment  have  graduated.  It  is  not  until  we  possess 
statistics  covering  a  period  of  years  that  we  can  judge  of  the 
improvement  the  course  has  made  in  the  morale  of  the  student 
body. 

10.  One  of  the  delightful  features  of  the  writer's  expe- 
rience with  the  first  year  of  organization  was  the  hearty  and 
immediate  cooperation  he  received  from  the  members  of  other 
faculties  of  the  university.  Every  member  who  was  invited, 
consented  immediately,  even  after  it  became  clear  in  confer- 
ence that  a  special  angle  was  indispensable  for  effective  treat- 
ment before  an  assembly  of  technical  students. 

It  was  the  writer's  method  to  introduce  the  speaker  for- 
mally, presenting,  as  a  part  of  the  introduction,  the  facts  of 
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the  speaker's  position  in  the  university,  and  reading  a  list  of 
some  of  the  most  important  of  his  publications.  Such  an  in- 
troduction emphasizes  the  dignity  of  the  speaker  and  of  the 
subject  to  be  treated.  And  whereas  the  freshman  is  espe- 
cially prone  to  faculty  worship  during  the  first  half  of  his 
year,  and  although  the  authority  of  the  whole  university 
organization  is  behind  the  man  who  speaks,  with  the  result 
that  reverence  is  secured  in  that  way — still,  it  is  well  for  the 
student  to  know  that  the  professor  has  done  more  than  merely 
teach  his  weekly  roster  of  lectures  year  after  year.  Except 
in  the  case  of  an  unusually  prominent  man,  the  student  can 
not  be  expected  to  know  what  has  been  published,  for  the 
reason  that  he  is  not  in  the  habit  of  consulting  the  learned 
periodicals.  To  cultivate  a  proper  respect  for  solid  achieve- 
ment is  part  of  the  work  of  freshman  orientation. 
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DISCUSSION— ENGINEERING  EDUCATION. 

BY  H.  P.  BOARDMAN, 
Professor  of  Civil  Engineering,  University  of  Nevada. 

The  report  on  "Engineering  Education"  by  Professor 
Charles  R.  Mann  shows  many  reasons  for  our  shortcomings 
and  is  replete  with  pertinent  suggestions  which  ought  to  pro- 
duce results. 

It  seems  to  the  writer  that  one  of  the  best  lines  of  sugges- 
tion in  the  report  is  that  dealing  with  methods  of  teaching. 
If  a  scientific  subject  can  be  made  interesting  to  students  by 
the  introduction  of  practical  applications,  its  scientific  value 
need  not  be  lowered  and  the  student  will  work  harder  and 
learn  more.  On  the  other  hand  it  is  not  likely  that  every 
necessary  step  in  the  development  of  subjects  like  mathematics, 
physics  and  chemistry  can  be  illustrated  by  practical  prob- 
lems or  applications.  Some  years  ago  the  writer  talked  with  a 
young  mathematics  instructor  of  a  secondary  school  who  was 
starting  work  on  a  thesis  in  which  he  hoped  to  show  how  to 
teach  the  essentials  of  algebra  by  using  only  ' '  real  problems, ' ' 
or  those  which  have  significance  in  actual  life.  He  main- 
tained that  the  average  high-school  girl  gains  nothing  of  value 
even  in  mental  discipline  from  the  study  of  abstract  algebra, 
as  usually  taught  and  that  it  would  mean  something  to  her  if 
it  could  be  related  to  actual  life  problems.  He  confessed  later 
on  that  he  was  having  extreme  difficulty  in  formulating  enough 
"real  problems"  to  illustrate  all  of  the  points  he  wished  to 
bring  out.  One  trouble  with  the  "real  problem"  is  that  it  is 
not  made  to  fit  one  subject  like  elementary  algebra  but  often 
involves  several  branches  of  learning,  some  of  which  the 
student  may  not  be  advanced  enough  to  understand. 

The  writer  will  give  a  little  of  his  experience  with  the  sur- 
veying detachment  of  the  Section  B,  S.  A.  T.  C,  October — 
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December,  1918,  though  it  was  no  doubt  very  similar  to  the 
experience  of  many  others.  This  detachment  included  several 
experienced  surveyors,  who  cooperated  willingly  in  helping  to 
instruct  the  others.  Approximately  one  half  of  the  detachment 
had  not  completed  a  high-school  course  and  one  fourth  not 
even  the  eighth  grade.  The  field  work  included  the  following, 
in  about  the  order  given :  Transit  and  tape  traverse,  leveling, 
triangulation,  topography  by  stadia  transit  and  plane  table. 
These  were  followed  by  a  limited  amount  of  plotting,  but  the 
interest  lagged  somewhat  at  this  stage  as  the  armistice  had 
been  signed  and  numbers  of  the  detachment  had  no  intention 
of  following  surveying  as  a  business.  The  writer  considers  the 
computations  as  the  most  difficult  part  of  surveying  for  the 
novice,  so  endeavored  to  equip  this  class  for  that  part  of  the 
work.  The  first  instruction  given  was  in  the  elements  of 
trigonometry.  Algebra  and  geometry  were  not  taught  except 
as  required  in  developing  the  trigonometry.  The  solution  of 
right-angled  triangles  was  applied  after  a  few  days  to  com- 
puting the  latitudes  and  departures  of  the  traverse  courses 
run  in  the  field,  the  coordinate  system  being  explained  and  at 
once  applied.  As  soon  as  the  solution  of  oblique  triangles  had 
been  explained  it  was  applied  to  computing  the  triangles  whose 
angles  had  been  read  in  the  field. 

Most  of  the  members  of  the  detachment  spent  from  three  to 
five  evenings  per  week  in  a  voluntary  study  session  lasting 
one  and  a  half  hours,  in  one  of  the  engineering  buildings. 
Thanks  to  the  assistance  of  the  experienced  surveyors  of  the 
detachment,  all  of  the  others  were  taught  these  computations 
by  the  use  of  logs  and  naturals.  The  subjects  of  trigonometry 
and  surveying  were  neither  of  them  covered  at  all  completely 
but  both  were  covered  in  the  essentials  of  most  common  appli- 
cation. The  formulae  used  in  computations  were  in  the  main 
developed  before  the  class  by  the  writer  by  gradual  steps  so 
that  all  should  have  been  able  to  follow  them  through  and 
understand  them;  i.e.,  their  lack  of  even  high-school  mathe- 
matics should  not  have  prevented  them  from  following  the 
demonstrations  through.    Of  course  all  did  not  actually  under- 
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stand  the  work  equally  well  and  in  fact  several  who  had  not 
completed  high  school  gained  a  better  understanding  of  the 
theory  and  computations  than  did  one  who  stated  he  had  been 
through  calculus  in  college. 

The  writer  would  not,  on  account  of  the  above  experience, 
argue  for  admitting  to  his  regular  surveying  course,  students 
who  have  had  no  training  in  algebra,  geometry  or  trigonom- 
etry. On  the  contrary,  he  considers  it  just  as  essential  as  ever 
to  specify  trigonometry  as  a  prerequisite  to  surveying  for  en- 
gineering students.  However,  if  more  applications  to  survey- 
ing and  other  real  engineering  problems  were  used  to  illustrate 
the  teaching  of  trigonometry  perhaps  the  students  would  not 
have  to  'Uearn  over"  so  much  of  that  branch  of  mathematics 
as  most  of  them  now  do  when  they  attack  surveying. 

Surv^eying  can  usually  be  easily  taught  by  doing  actual 
practical  surveying  instead  of  merely  by  typical  illustrative 
problems. 

Some  years  ago  before  he  took  up  teaching,  the  writer  had 
an  enlightening  experience  with  two  young  engineers,  gradu- 
ates in  civil  engineering  from  a  prominent  state  university  in 
the  Mississippi  valley.  They  were  sent  out  with  the  necessary 
equipment  to  tie  in  a  group  of  buildings  comprising  a  manu- 
facturing plant  and  several  houses,  to  the  center  line  of  a 
proposed  canal,  which  center  line  they  had  assisted  to  stake 
out  on  the  ground.  They  returned  to  the  office  with  insuffi- 
cient data  to  enable  them  to  plot  the  buildings  on  a  map  of 
the  canal  line.  What  is  more  they  did  not  seem  to  understand 
what  other  measurements  were  necessary  until  the  writer  went 
into  the  field  and  showed  them.  The  writer  believes,  possibly 
erroneously,  that  this  as  the  result  of  teaching  surveying  field 
work  largely  by  means  of  detached  problems  intended  to  illus- 
trate principles  but  not  connected  up  into  one  comprehensive 
survey.  At  any  rate  in  his  twelve  years  of  teaching  experi- 
ence, which  was  preceded  by  sixteen  years  of  practical  en- 
gineering work,  the  writer  has  always  required  his  surveying 
classes  to  make  actual  field  surveys  of  areas  and  compute  and 
plot  from  their  own  notes.     The  results  in  general  seem  to 
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justify  the  method.  All  locations  are  not  equally  favorable 
for  this  method  but  it  is  probably  possible  of  application  in 
most  institutions. 

In  small  institutions  like  the  one  with  which  the  writer  is 
connected,  it  is  not  usually  possible  for  the  faculty  members 
belonging  to  the  strictly  engineering  departments,  to  have 
complete  control  of  the  teaching  of  nontechnical  subjects  to 
engineering  students,  one  reason  being  that  other  than  en- 
gineering students  are  often  in  the  same  classes  with  the  en- 
gineers, the  instrucfional  force  being  too  small  to  provide 
distinct  sections  for  engineers. 

Partly  on  account  of  this  condition  but  more  especially  to 
try  to  hold  up  the  interest  of  freshman  and  sophomore  en- 
gineers and  show  them  why  they  spend  so  much  time  on  pre- 
liminaries, the  writer  introduced  in  1918  a  course  for  freshmen 
entitled  "A  General  Survey  of  Civil  Engineering."  It  has 
not  yet  been  given  on  account  of  the  war  conditions  last  fall 
but  will  be  offered  next  semester  as  an  elective.  The  aim  of 
the  course  will  be  to  show  many  of  the  practical  applications 
in  engineering  of  such  subjects  as  mathematics,  English, 
physics,  chemistry  and  geology.  It  will  not  be  merely  a  popu- 
lar (or  unpopular)  lecture  course  but  will  involve  a  consider- 
able number  of  computations  and  will  endeavor  to  convince 
students  that  they  need  to  understand  much  of  the  above  sub- 
jects in  order  to  be  properly  equipped  for  the  later  technical 
courses  and  for  independent  study  along  special  lines  in  con- 
nection with  the  practice  of  engineering. 

The  writer  has  for  a  number  of  years  given  a  course  in  cur- 
rent engineering  literature.  This  has  consisted  of  assigned 
readings  and  discussions  from  current  engineering  periodicals 
and  technical  society  proceedings.  The  student  is  required  to 
prepare  his  assignment,  so  he  can  give  the  gist  of  it  orally,  with 
the  aid  of  brief  notes  if  he  wishes,  explaining  the  illustrations 
if  any,  and  discussing  any  controversial  points. 

The  assignments  are  so  made  that  each  student  will  occupy 
from  one  half  to  a  full  hour  period  when  his  turn  comes.  It 
is  a  one  credit  course  per  semester  and  if  there  are  more  than 
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four  or  five  students  in  the  class  they  meet  for  two  periods 
per  week  so  that  each  one  will  come  on  the  program  about  once 
in  every  two  weeks. 

This  was  for  some  years  made  a  requirement  for  senior  civil 
engineering  students,  the  idea  being  that  they  would  get  more 
out  of  the  course  than  less  advanced  students,  but  recently  it 
was  made  an  underclass  course,  elective  for  freshmen  and 
sophomores  and  it  worked  well  during  this  second  semester  of 
1918  and  1919  with  a  class  of  seven,  including  members  from 
all  of  the  engineering  courses. 

Many  of  the  assignments  are  non-technical,  such  as  discus- 
sions on  engineering  education,  professional  ethics,  salaries 
for  engineering  work,  the  future  of  engineering,  etc.  The 
asking  of  questions  and  expression  of  personal  views  or  state- 
ment of  personal  experience  is  encouraged.  Since  the  in- 
structor can  not  read  all  articles  before  assigning  them,  some 
points  will  be  beyond  the  understanding  of  the  students.  This 
is  well,  for  it  often  serves  to  show  them  their  need  of  further 
education  and  experience. 

The  whole  tendency  of  the  course  is  to  put  the  students  in 
touch  with  real  engineering  life  and  develop  a  desire  to  keep 
up  to  date  as  well  as  to  increase  their  interest  in  their  tech- 
nical studies.  Incidentally,  the  effect  on  the  instructor  of  the 
course  is  good  also. 

The  writer  does  not  think  this  course  would  work  very  satis- 
factorily in  sections  larger  than  about  ten. 

One  does  not  want  to  be  too  hasty  in  discarding  all  the  por- 
tions of  a  subject  for  which  he  cannot  see  immediate  practical 
application.  His  experience  may  be  tpo  narrow  to  make  him 
a  good  judge.  Few  engineering  students  know  during  their 
undergraduate  days  just  what  line  of  work  they  will  follow, 
hence  the  college  period  is  too  early  in  life  to  specialize  within 
narrow  limits. 

The  war-time  conditions  of  the  past  year  and  a  half  no 
doubt  had  a  marked  effect  on  Professor  Mann  and  perhaps 
caused  some  modification  of  his  report.  The  great  emphasis 
placed  on  the  idea  that  engineering  and  engineering  education 
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exist  primarily  to  increase  industrial  production,  was  natural 
at  a  time  when  so  large  a  proportion  of  our  engineering  effort 
was  bent  on  increasing  production  to  win  the  war.  The  writer 
is  inclined  to  think  that  engineering  is  also  concerned  with  the 
reason  for  the  desired  increase  in  production.  During  the  war 
the  wish  to  win  the  war  and  do  it  quickly  made  quantity  and 
speed  of  production  of  paramount  importance  and  cost  of 
less  importance  than  in  time  of  peace.  The  author  says  on 
page  108  of  the  report  that  ' '  The  ultimate  aim  of  engineering 
education  has  always  been  and  still  is  more  intelligent  indus- 
trial production."  The  introduction  of  the  qualifying  word 
'*  intelligent "  is  very  important  and  may  mean  the  difference 
between  an  attempt  to  satisfy  the  economic  need  for  a  certain 
product,  and  an  overproduction  which  would  result  in  finan- 
cial failure. 

But  there  are  large  fields  of  engineering  that  are  not  con- 
cerned with  industrial  production,  as  that  term  is  commonly 
used.  Among  these  are  sanitary  engineering,  landscape  en- 
gineering, all  types  of  amusement  engineering  and  flood  pro- 
tection. In  other  words  engineering  primarily  concerned  with 
the  welfare,  pleasure  or  safety  of  humanity  is  not  for  the  pur- 
pose of  increasing  production.  No  doubt  that  since  the  com- 
paratively recent  boom  in  *' safety  first"  much  has  been  done 
in  safety  and  welfare  engineering  that  was  intended  to  in- 
crease production  by  improving  working  conditions  and  so 
satisfying  the  employees.  But  would  it  not  sound  better  and 
in  fact  come  closer  to  what  ought  to  be  the  truth  if  we  say 
that  safety  and  welfare  engineering  are  primarily  for  the 
benefit  of  the  worker  and  should  be  practiced  whether  or  not 
it  can  be  proved  that  the  result  is  increased  production  ?  This 
ideal  is  more  often  realized  by  the  employer  in  these  days 
than  it  was  twenty  or  thirty  years  ago  when  little  was  done 
in  such  lines  except  as  compelled  by  legal  enactment. 

The  author  shows  in  Chapter  XVI  that  he  appreciates  these 
types  of  engineering  which  do  not  aim  at  increased  production 
but  the  writer  wishes  to  emphasize  this  phase  a  little  more. 
When  one  speaks  of  the  ultimate  aim  of  engineering  educa- 
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tion,  does  it  stretch  the  imagination  very  much  to  think  of  a 
time  when  the  engineer,  as  well  as  many  others  will  pause  to 
inquire,  "What  is  the  increased  production  for"?  Does  it 
bear  any  resemblance  to  the  case  of  the  farmer  who  wished  to 
''raise  more  crops  to  make  more  money  to  buy  more  land," 
etc.,  etc.  ?  Are  not  people  the  most  important  product  of  this 
earth?  Whatever  our  religion  or  philosophy  of  life  (if  we 
have  any),  we  are  here  and  is  it  not  a  worthy  ultimate  aim  for 
us  to  try  to  make  here  a  better  place  to  live  in,  not  merely  for 
us  but  for  everybody?  Is  it  not  a  fact,  and  one  for  us  to  be 
proud  of,  that  a  very  large  percentage  of  engineering  work 
does  contribute  directly  towards  making  this  earth  a  better 
place  in  which  to  live,  even  though  the  immediate  aim  of  much 
of  it  is  increased  production?  Even  the  military  engineering 
of  the  United  States  and  its  allies  in  the  great  war,  though  it 
carried  death  to  our  enemies,  we  hope  served  to  help  make  the 
world  a  better  place  in  which  to  live. 

This  is  a  good  time  to  call  the  attention  of  the  engineering 
educators  to  the  need  of  ideals  which  should  lie  back  of  our 
profession.  If  teachers  of  engineering  students  have  no  ideals 
or  no  vision  beyond  the  immediate  object  of  increasing  indus- 
trial production,  they  will  wake  up  some  day  to  find  them- 
selves out  of  step  with  the  progress  of  civilization  and  many 
of  their  former  students  will  have  outdistanced  them  in  the 
matter  of  ideals  as  well  as  in  the  matter  of  remuneration  for 
professional  services. 
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BY  P.  B.  McIX)NALD, 

Assistant  Professor  of  English,  New  York  University. 

The  Englisli  used  by  engineering  professors  is  probably  the 
worst  English  used  by  teachers  in  this  country ;  and  the  Eng- 
lish of  some  contributors  to  Engineering  Education  is  noth- 
ing short  of  lamentable.  At  a  time  when  the  importance  of 
English  to  the  engineer  is  being  emphasized  in  many  high- 
sounding  addresses  and  long-winded  articles,  the  worst  pos- 
sible example  is  being  set  by  the  speech  and  writings  of  the 
engineering  professors  themselves.  Students  of  engineering 
will  never  appreciate  the  value  of  good  English  until  their 
teachers  learn  to  express  themselves  in  language  suitable  for 
a  college  graduate. 

A  teacher  of  engineering  is  supposed  to  think  clearly,  pre- 
cisely, and  logically.  Yet,  too  many  of  them  talk  and  write  in 
a  manner  exactly  the  opposite.  They  use  what  Sir  Arthur 
Quiller-Couch  (Professor  of  English  Literature  in  Cambridge 
University)  calls  "jargon"  (page  100  of  "On  the  Art  of 
Writing"),  of  which  the  two  main  vices  are  "circumlocution 
rather  than  short  straight  speech"  and  the  habit  of  "habitu- 
ally choosing  vague  wholly  abstract  nouns  rather  than  con- 
crete ones." 

The  user  of  jargon,  remarks  this  well-known  writer,  says 
* '  adverse  climatic  conditions ' '  when  he  means  ' '  bad  weather, 
and  "in  the  case  of  John  Jenkins  deceased  the  coffin  provided 
was  of  the  usual  character"  when  he  means  "John  Jenkins' 
coffin  was  of  the  usual  kind."  He  is  especially  addicted  to 
such  words  as  "case,"  "character,"  "instance,"  "nature,' 
"condition,"  "thing,"  "concern,"  etc. 

In  a  recent  number  of  Engineering  Education  a  writer 
said :  "  In  any  complex  undertaking  which  involves  the  efforts  < 
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of  many  individuals  we  acknowledge  at  once  the  value  of  sym- 
pathetic cooperation  made  effective  through  coordination  in 
reaching  a  common  goal."  This  is  a  confused  roundabout 
way  of  writing  quite  typical  of  articles  in  Engineering  Edu- 
cation. The  writer  meant  simply  that  ''In  complex  under- 
takings men  gain  by  cooperation,"  which  is  not  a  very  start- 
ling thought,  to  be  sure.  Farther  along  in  the  same  article 
mention  was  made  of  ''syllogistic  cogency."  It  is  to  be  hoped 
that  readers  who  read  so  far  knew  what  both  those  words 
meant ! 

In  the  same  Bulletin  was  this  muddled  sentence:  "During 
the  period  1898-1900,  while  doing  the  executive  work  inci- 
dental to  the  fact  that  he  was  in  charge  of  both  the  field  and 
office  work  of  the  triangulation,  precise  leveling,  and  astro- 
nomic work  of  the  survey,  he  was  also  active  in  improving 
methods  and  research  work."  The  writer  of  that  extraordi- 
nary conglomeration  began  another  sentence  thus:  "Exten- 
sive researches  by  him  intended  to  determine  the  reasons, 
etc."  Truly,  as  a  recent  article  on  modern  English  in  the 
London  Times  remarks,  ' '  the  habit  of  verbosity  reacts  strongly 
upon  the  intelligence,"  and  "pleonasm  is  the  original  sin 
of  language." 

To  quote  an  American  authority,  the  U.  S.  Geological  Sur- 
vey in  its  pamphlet  entitled  "Suggestions  to  Authors,"  says 
of  "stilted  and  showy  writing"  (page  63)  :  "Some  members 
of  the  Geological  Survey  .  .  .  never  go  anywhere  .  .  .  they 
invariably  proceed.  .  .  .  Neither  do  they  begin  work;  they 
inaugurate  or  initiate  it."  These  writers,  continues  the 
pamphlet,  say  "superficial  circulatioiL"  for  "surface  water," 
and  " vegetational  aspect  of  the  vicinity,"  and  "The  high- 
pressure  area  .  .  .  accelerates  the  prevalence  of  westerly 
winds."  Like  the  love-lorn  Benedick  in  "Much  Ado  About 
Nothing,"  they  discard  plain,  honest  words  for  a  "fantastical 
banquet"  of  "strange  dishes." 

The  Geological  Survey's  pamphlet  suggests  that  such  ev- 
pressions  as  these  are  over-used:  "from  the  standpoint  of," 
"on  the  basis  of,"  "along  these  lines,'' 


'* instance,"  ** quite,"  etc.  It  states  that  too  many  sentences 
are  begun  with  * '  there  is, "  ' '  there  are, "  * '  it  is ; "  and  it  prints 
a  page  of  superfluous  words  and  phrases. 

These  suggestions  should  be  enough  to  indicate  what  is 
wrong  with  the  English  of  many  engineering  professors,  par- 
ticularly of  some  of  those  who  contribute  to  Engineering 
Education.  Another  criticism  likely  to  occur  to  a  critical 
reader  of  the  Bulletin  is  the  lack  of  moderation  shown  by 
some  contributors.  Their  statements  would  be  truer  and  more 
interesting  if  they  evinced  a  better  sense  of  proportion.  In- 
dividual writers  are  too  apt  to  think  that  their  particular 
hobby  is  the  key  to  the  universe.  Thus,  one  writer  recently 
decreed  that  ''the  student  who  even  dimly  sees,  or  vaguely 
feels,  the  truth  that  engineering  is  the  foundation  of  our  pres- 
ent civilization  is  more  apt  than  others  to  be  permanently  well 
motivated."  Aside  from  the  poor  English  of  this  sentence, 
there  might  be  doubt  whether  or  not  ''engineering  is  the  foun- 
dation of  our  present  civilization,"  and  whether,  even  if  it  is, 
a  student  should  be  encouraged  to  get  a  swelled  head  over  it. 
W.  L.  Saunders,  past-president  of  the  American  Institute  of 
Mining  Engineers,  has  hinted  that  engineers  lack  political  in- 
fluence because  of  "megalomania."  Surely  then,  students 
should  not  be  taught  to  ' '  dimly  see,  or  vaguely  feel ' '  that  the 
universe  hinges  upon  them.  Engineering  is,  of  course,  very 
important,  but  there  have  been  admirable  civilizations  that 
knew  very  little  about  it.  And  though  our  modern  times  make 
tremendous  use  of  engineering,  and  though  it  is  true  that  the 
engineer  is  not  appreciated,  the  world  is  not  likely  to  be  im- 
pressed by  statements  that  "engineering  is  the  foundation  of 
our  present  civilization."  That  is,  such  a  point  of  view  does 
not  tend  to  improve  the  status  of  the  engineer.  It  does  not 
show  the  proper  balance  that  begets  confidence.  Writers  of 
articles  in  Engineering  Education  should  be  particularly 
careful  neither  to  overstate  their  case  nor  to  make  it  wishy- 
washy.  To  interest  readers,  contributions  should  express  the 
truth  while  avoiding  platitudes. 
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The  Editor, 

Sir:  Since  June,  1919,  I  have  been  trying  to  get  a  *' letter 
to  the  editor"  published.  I  wished  to  criticize  the  English 
used  by  some  of  the  contributors  to  the  Bulletin.  After 
long  delays  and  several  re-writings  and  explanations  to  the 
officials  of  the  Society,  I  find  my  criticisms  and  suggestions  so 
much  discouraged  by  the  officials  of  the  Society  that  I  am  dis- 
inclined to  re-write  my  letter  in  full  again,  as  has  been  re- 
quested. 

My  understanding  of  the  matter  is  that  in  criticizing  the 
English  of  the  Bulletin  I  must  not  cite  specific  instances, 
since  that  would  be  ''too  personal."  Therefore,  I  would 
merely  suggest  that  the  English  used  by  some  of  the  con- 
tributors is  exceptionally  bad,  and  that  it  sets  a  poor  example 
to  students  of  engineering. 

P.  B.  McDonald. 

New  York, 

November  12,  1919. 
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Are  there  Enough  Engineering  Schools? — The  demand  for 
engineering  graduates  has  become  so  pressing  in  the  indus- 
tries that  the  question  naturally  arises:  is  there  a  sufficient 
number  of  engineering  schools  in  this  country  to  provide  a 
constant  adequate  supply  of  technically  trained  men  for  the 
industries  ?    I  believe  there  is  not. 

With  the  constantly  increasing  foreign  trade  which  the 
United  States  is  developing,  the  demand  for  different  manu- 
factured products  must  of  necessity  increase.  The  success  of 
this  foreign  trade  is  dependent  upon  the  constructive  genius 
in  industry  to  design  and  originate  articles  which  the  produc- 
tion and  selling  organizations  place  upon  the  market.  With- 
out the  developed  constructive  organization  in  the  industries, 
our  foreign  trade  must  fail.  We  have  come  to  look  upon  Ger- 
many as  possessing  all  the  characteristics  of  a  nation  which  we 
should  avoid,  but  one  thing  is  certain  that  its  great  success  in 
foreign  trade  was  due  to  the  large  number  of  highly  trained 
specialists  who  worked  in  the  industries. 

Our  manufacturers  are  recognizing  more  fully  the  advan- 
tages which  arise  from  a  technical  staff  composed  of  properly 
trained  men.  This  recognition  of  the  phase  of  applied  science 
in  industry  is  to  increase  in  the  future.  Can  our  schools  take 
care  of  this  increased  demand  ?    I  do  not  believe  they  can. 

Not  only  should  the  capacity  of  the  engineering  schools  as 
they  exist  to-day  be  greatly  increased,  but  the  number  of  such 
schools  should  also  be  increased.  The  question  whether  or 
not  proper  instruction  in  engineering  can  be  given  to  large 
numbers  should  be  thoroughly  discussed.  Can  one  thousand 
freshmen  be  given  proper  instruction  in  fundamentals  which 
will  lay  a  broad  foundation  for  their  later  specialized  training 
in  applied  science?  Are  there  a  sufficient  number  of  trained 
teachers  available  for  this  work?  If  not,  where  in  this  coun- 
try are  we  to  secure  such  teachers  ?  The  answers  to  these  ques- 
tions, it  seems  to  me,  control  industry  in  the  United  States. 
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University  of  Michigan  Highway  Engineering  and  Highway 

Transport. 

Periods  and  Fees  for  Graduate  Courses,  December  1,  1919, 
TO  March  19,  1920. 

Civil  Engineering  67.  Highway  Transport.  Professor 
Blanchard.  February  2  to  6,  Monday  to  Friday,  1 :30  to  4 :30 
P.M.     1  hour  credit. 

Civil  Engineering  68.  Bituminous  Surfaces  and  Bituminous 
Pavements.  Professor  Blanchard.  December  1  to  19,  Mon- 
days to  Fridays,  1 :30  to  4 :30  P.M.    3  hours  credit. 

Civil  Engineering  69.  Highway  Laboratory  Research.  Pro- 
fessor Bateman.  January  5  to  23,  Mondays  to  Fridays,  10 
A.M.  to  12  M.  and  1 :00  to  5 :00  P.M.  2  to  3  hours  credit,  de- 
pendent upon  a  student's  previous  training  in  highway  lab- 
oratory methods. 

Civil  Engineering  70.  Highway  Bridges.  Professor  Gram. 
February  9  to  20,  Mondays  and  Fridays,  1:30  to  4:30  P.M. 
2  hours  credit. 

Civil  Engineering  71.  Specifications  and  Contracts.  Pro- 
fessor Riggs.  February  9  to  20,  Mondays  to  Fridays,  1 :30  to 
4 :30  P.M.    2  hours  credit. 

Civil  Engineering  72.  Earth,  Gravel  and  Broken  Stone 
Roads.  Professor  Bateman.  March  1  to  12,  Mondays  to  Fri- 
days, 1 :30  to  4 :30  P.M.    2  hours  credit. 

Civil  Engineering  73.  Cement-Concrete  Pavements.  Pro- 
fessor Blanchard.  March  1  to  9,  Mondays  to  Fridays,  1 :30  to 
4 :30  P.M.    1  hour  credit. 

Civil  Engineering  74.  Brick  Pavements.  Prof  essor  Blanch- 
ard. March  11  to  19,  Mondays  to  Fridays,  1 :30  to  4 :00  P.M. 
1  hour  credit. 

Civil  Engineering  75.  Highway  Engineering  Seminar. 
Professor  Blanchard.  December  1  to  March  19.  3  hours 
credit. 


COLLEGE   NOTES. 

Fees:  The  fees  for  courses  are  based  on  the  number  of 
credit  hours  for  each  course.  The  fee  for  each  credit  hour  is 
five  dollars. 

For  further  information  pertaining  to  the  short-period 
graduate  courses,  write  to  Arthur  H.  Blanchard,  Professor 
of  Highway  Engineering,  University  of  Michigan,  Ann  Arbor, 
Mich. 

University  of  Southern  California. — The  first  unit,  an  ad- 
ministration building  to  cost  approximately  half  a  million  dol- 
lars, in  the  announced  plans  of  the  University  of  Southern 
California  is  in  process  of  erection,  the  corner  stone  having 
been  laid  on  Oct.  14. 

The  enrollment  is  the  largest  in  the  history  of  the  institu- 
tion, and  approximates  the  total  enrollment  of  last  year  which 
was  more  than  four  thousand.  The  enrollment  in  freshmen 
engineering  courses  is  particularly  heavy,  being  nearly  twice 
that  of  last  year. 

The  quarters  of  the  civil  engineering  department  have  been 
remodeled  and  enlarged.  Professor  C.  W.  Lawrence  is  in 
charge. 

The  course  in  electrical  engineering  has  been  completely 
revised  and  a  four  year  course  in  mechanical  engineering 
added.  These  courses  will  be  conducted  on  a  modified  co- 
operative plan  under  which  a  minimum  of  twenty-four  weeks 
actual  employment  in  commercial  work  will  be  prerequisite 
for  graduation.  This  experience  will  be  obtained  during  the 
summer  vacations.  The  electric  companies  and  manufactur- 
ing interests  of  Los  Angeles  are  cooperating  with  the  Uni- 
versity in  this  work,  which  is  in  charge  of  Professor  J.  Fay 
Wilson.  In  connection  with  the  revision  of  the  courses,  the 
laboratory  equipment  is  being  materially  augmented. 

Professor  A.  W.  Nye,  who  was  absent  on  war  work  during 
the  past  year,  has  returned  and  resumed  charge  of  the  depart- 
ment of  physics. 
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COMMITTEE  NO.   22,  INTELLIGENCE  TESTS. 

You  will  be  interested  to  know  that  the  following  engineer- 
ing colleges  are  participating  in  the  cooperative  study  of  en- 
trance tests: 


University  of  Akron. 

Alabama    Polytechnic    Insti- 
tute. 

University  of  Alabama. 

University  of  Arkansas. 

University  of  California. 

Carnegie  Inst,  of  Technology. 

Case  School  of  Applied  Sci- 
ence. 

Columbia  University. 

Cornell  University. 

The  Drexel  Institute. 

University  of  Idaho. 

Iowa  State  College,  Ames,  la. 

State   Univ.    of   Iowa,    Iowa 
City. 

Jolins  Hopkins  University. 

Kan.  State  Agric.  College. 

University  of  Kansas. 

Lafayette  College. 

McGill  University,  Montreal. 

University  of  Maine. 

Marquette  University. 

Michigan  Agric.  College. 

University  of  Michigan. 

University  of  Missouri 
(School  of  Mines). 

University  of  Missouri 
(School  of  Engineering). 

University  of  Montana. 


New  Mexico  College  of  Agric. 
&  Mechanic  Arts. 

New  York  University. 

University  of  Nevada. 
.  Ohio  State  University. 

Okla.    Agric.    &    Mechanical 
College. 

University  of  Oklahoma. 

University  of  Penna. 

Purdue  University. 

Rensselaer  Polytechnic  Insti- 
tute. 

Rhode  Island  State  College. 

Rose  Polytechnic  Institute. 

State  Civil  Service  Commis- 
sion of  Ohio. 

Syracuse  University. 

University  of  Texas. 

Throop   College   of   Technol- 
ogy. 

Tufts  College. 

Vanderbilt  University. 

University  of  Vermont. 

University  of  Virginia. 

Warner  &  Swasey  Co. 

University    of    Washington, 
Seattle. 

University  of  Wisconsin. 

Worcester  Polytechnic  Insti- 
tute. 
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APPOINTMENTS    BY    THE    PRESIDENT. 

Professor  H.  E.  T.  Haultain,  University  of  Toronto,  has 
been  appointed  a  member  of  Committee  No.  18,  Mining  En- 
gineering. 

Professor  H.  H.  Higbie  and  Dean  M.  E.  Cooley  were  ap- 
pointed to  represent  the  Society  at  the  Interprofessional  Con- 
ference in  Detroit,  Mich.,  November  28-29. 

President  A.  M.  Greene,  Jr.,  will  represent  the  Society  at 
the  annual  meeting  of  the  American  Society  of  Mechanical 
Engineers  in  New  York,  December  3-5. 


NEW   MEMBERS. 

Allen,   Frederick  G'.,   Assistant   Professor   of   Electrical   Engineering, 

Lafayette  College,  Easton,  Pa. 
Archibald,  Leon,  Instructor  in  Drawing  and  Descriptive  Geometry,  Uni- 
versity of  Minnesota,  Minneapolis,  Minn. 
Calderwood,  Jas.  p.,  Professor  of  Steam  and  Gas  Engineering,  The 

Kansas  State  Agricultural  College,  Manhattan,  Kans. 
Campbell,  Malcolm,  M.,  Supervising  Engineer,  P.  O.  Box  385,  Montreal. 
CoLER,  Carl  S.,  Manager,  Educational  Department,  Westinghouse  E.  & 

M.  Co.,  East  Pittsburgh,  Pa. 
Drane,    Walter    H.,    Professor    of    Civil    Engineering,    University    of 

Florida,  Gainesville,  Fla. 
Fenton,    Henry    H.,    Assistant    Professor    of    Electrical    Engineering, 

Kansas  State  Agricultural  College,  Manhattan,  Kans. 
Gilbert,  Earl  E.,  Associate  in  Drawing,   Technological   High  School, 

Atlanta,  Ga.  ~ 

Grandlienard,  Edward   T.,  Assistant  Professor   of   Civil  Engineering, 

University  of  Pennsylvania,  Philadelphia,  Pa. 
McNeilly,  Robert  H.,  Associate  Professor  of  Civil  Engineering,  Van- 

derTDilt  University,  Nashville,   Tenn. 
Mack,  Albert  J.,  Instructor  in  Steam  and  Gas  Engineering,  Kansas 

State  Agricultural  College,  Manhattan,  Kans. 
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Eath,  Edwin  E.,  Instructor  in  Electrical  Engineering,  University  of 
Pittsburgh,  Pittsburgh,  Pa. 

Eo^vRK,  Eaymond  J.,  Associate  Professor  of  Mechanics  and  Hydraulics, 
State  University  of  Iowa,  Iowa  City,  Iowa. 

WiLMOT,  Sydney,  Assistant  Professor  of  Civil  Engineering,  Brown  Uni- 
versity, Providence,  E.  I. 


SECTIONS  OF  THE  SOCIETY. 

The  first  section  of  the  Society  to  be  approved  by  the  Coun- 
cil is  the  Pittsburgh  Section.  The  organization  meeting  was 
held  October  17,  1919,  at  the  University  Club,  with  twelve 
members  of  the  Society  present.  This  meeting  was  called  by 
Dean  W.  E.  Mott,  Carnegie  Institute  of  Technology,  and  Dean 
F.  L.  Bishop,  University  of  Pittsburgh.  Plans  for  1919-20 
were  considered  at  this  time  and  committees  appointed.  Pro- 
fessor P.  M.  Dysart  of  Schenley  High  School,  was  elected 
Chairman,  and  Professor  L.  H.  Harris  of  the  University  of 
Pittsburgh,  Secretary.  The  next  meeting  of  this  Section  will 
be  held  Wednesday,  December  3,  at  which  time  the  following 
program  will  be  offered : 

General  Topic:  **What  Are  the  Chief  Defects  in  the  Product 

of  Engineering  Schools?" 
Speakers:  B.  F.  Groat,  Aluminum  Company  of  America;  D. 
F.  Crawford,  Locomotive  Stoker  Company;  Carl  S.  Coler, 
Westinghouse  E.  &  M.  Company. 
Special  Discussion : 

**What  Defects  Are  Properly  Chargeable  to  the  Engineer- 
ing Schools?"  F.  L.  Bishop,  Dean,  School  of  Engineering, 
University  of  Pittsburgh. 

''What  Defects  Can  the  School  Hope  to  Remedy?"  W. 
E.  Mott,  Dean,  School  of  Applied  Science,  Carnegie  Insti- 
tute of  Technology. 
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JOINT    MEETING   OF   THE   SOCIETY   WITH   THE 

AMERICAN  ASSOCIATION  FOR  THE 

ADVANCEMENT  OF  SCIENCE. 

The  Society  for  the  Promotion  of  Engineering  Education 
is  an  affiliated  society  of  the  American  Association  for  the 
Advancement  of  Science  and  as  such  will  hold  a  meeting  with 
Section  D,  Engineering,  on  January  1,  1920.  This  meeting 
will  be  held  in  the  Soldan  High  School,  located  at  the  corner 
of  Union  Boulevard  and  Kensington  Avenue,  5300  west. 

The  meeting  of  the  Association  will  be  held  from  December 
29,  1919,  to  January  3,  1920.  The  meetings  of  Section  D, 
Engineering,  will  be  held  December  31,  1919,  and  January  1, 
1920.  Dean  A.  S.  Langsdorf,  of  Washington  University,  will 
have  charge  of  the  arrangements  for  the  meetings  of  Section 
D.  President  Ira  N.  Hollis,  Worcester  Polytechnic  Institute  is 
Chairman  of  Section  D,  and  Dean  F.  L.  Bishop,  University  of 
Pittsburgh,  Secretary.  An  interesting  program  has  been 
arranged. 
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BUSINESS  TRAINING  IN  MINING  AND  METAL- 
LURGICAL CURRICULA.- 

BY  L.  E.  YOUNG, 

Manager,  Steam  Heating  Utility,  Union  Electric  Light  &  Power  Com- 
pany, St.  Louis,  Mo. 

During  the  past  few  years  there  has  been  considerable  dis- 
cussion of  the  value  of  training-  in  economics  for  students  in 
engineering.  There  seems  to  be  a  question  in  the  minds  of 
some  faculty  members  as  to  the  advisability  of  including  such 
subjects  as  economics,  accounting,  business  law,  and  business 
organization  in  an  undergraduate  curriculum  in  mining  or 
metallurgy. 

Needs  for  Business  Training. 

The  most  recent  catalogue  of  an  institution  of  first  rank  in 
describing  the  curriculum  in  mining  engineering  states  that 

The  oTaject  of  the  course  is  primarily  to  train  a  student  for  practice^ 
in  the  field  of  mining  engineering.  It  is  designed  to  give  him  the 
thorough  fundamental  training  of  an  engineer  and  a  breadth  of  educationj 
that  will  enable  him  readily  to  undertake  work  in  the  various  lines  ofl 
engineering  which  frequently  present  themselves  to  one  of  his  profession.] 
The  course,  therefore,  when  completed,  places  the  graduate  in  the  path] 
of  a  large  number  of  opportunities.  Not  only  will  he  have  had  suffi- 
cient practice  and  training  to  enter  upon  the  field  of  mining,  but  he  caii| 
also  engage  in  work  in  which  geology  and  metallurgy  play  an  important 
part,  as  well  as  in  engineering  projects  related  thereto. 

The  principal  objects  in  view  are  that  the  student  upon  graduation,, 
may  be  enabled:  first,  to  make  and  plat  surface  and  mine  surveys,- 
and  to  map  the  topography  and  geology  of  a  district;  second,  to  analyze,] 
value  and  treat  minerals  found  upon  a  property,  to  report  upon  them,' 
and  to  analyze  metallurgical  products;  third,  to  make  drawings  and' 
designs  to  meet  the  requirements  of  given  cases;  fourth,  to  take  a  sub- 
ordinate position  as  an  engineer  in  connection  with  any  of  the  previously 
indicated  lines  of  work. 

*  Presented  at  National  Conference  of  Schools  of  Mines  of  the  Amer- 
ican Mining  Congress,  St.  Louis,  Mo.,  Nov.  17-22,  1919. 
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In  order  that  the  young  engineer  may  advance  in  his  pro- 
fession and  in  the  course  of  years  fill  more  than  a  subordinate 
position  as  a  surveyor,  draftsman,  designer,  chemist,  or  as- 
sayer,  he  must  acquaint  himself  with  many  aspects  of  the 
business  of  mining;  he  must  know  something  of  the  general 
methods  and  practice  in  the  business  world  and,  as  well,  the 
more  or  less  localized  procedure  of  the  mining  district  or  dis- 
tricts in  which  he  is  engaged.  The  American  mining  engineer 
has  been  called  upon  to  undertake  varied  problems,  the  success 
of  many  of  which  has  depended  more  upon  a  combined  knowl- 
edge of  mining  technology  and  business  than  upon  mining 
technology  alone. 

The  other  divisions  of  engineering  are  recognizing  the  de- 
mand for  breadth  of  training,  and  it  seems  unnecessary  to 
present  at  length  reasons  for  including  courses  in  economics 
and  business  in  the  mining  and  metallurgical  curricula.  If 
the  reputation  of  an  educational  institution  is  that  it  develops 
simply  good  assayers,  chemists,  draftsmen,  and  surveyors  and 
those  who  are  responsible  for  the  course  of  study  in  the  insti- 
tution are  satisfied  with  such  a  finished  product — with  grad- 
uates who  are  looking  no  higher  than  the  subordinate  positions 
in  large  organizations — then  let  us  continue  by  the  well- 
developed  and  accepted  curricula  to  produce  men  of  such 
caliber  and  men  with  such  a  vision  of  their  place  and  oppor- 
tunity in  the  profession.  Honorable  as  such  branches  of  tech- 
nology are  as  a  life  work,  there  are  much  more  important  and 
at  the  same  time  more  lucrative  positions  available  for  the 
men  who,  in  addition  to  having  the  training  along  the  previ- 
ously mentioned  technical  lines,  have  acquainted  themselves 
with  the  fundamental  principles  of  economics  and  business. 
Granting  that  many  of  the  men  may  not  have  inherent  quali- 
ties fitting  them  for  leadership  of  the  highest  type,  it  must 
still  be  conceded  that  in  the  course  of  time  every  college 
trained  man  should  take  some  part  in  solving  the  complex 
problems  arising  in  the  employment  of  labor,  the  development 
of  mining  communities,  the  financing  of  private  and  public 
enterprises,  etc. 
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Upon  graduation  from  mining  curricula  some  men  find 
employment  with  large  corporations  and  may  be  assigned  to 
work  in  some  special  line ;  others  go  to  the  small  mines  where 
their  work  is  varied — they  may  be  assayer,  bookkeeper,  sur- 
veyor, time  clerk,  and  supply  clerk,  all  in  one  person.  In 
such  a  humble  position  a  general  knowledge  of  business  pro- 
cedure is  invaluable.  But  wherever  the  young  man  may  go, 
if  he  has  had  some  training  in  economics  and  business,  he  has 
a  great  advantage.  The  chief  questions  are :  How,  when,  and 
where  can  he  get  such  training  without  serious  interference 
with  his  technical  education? 

Engineering  Curricula  and  the  S.  P.  E.  E. 

For  several  years  the  Society  for  the  Promotion  of  Engi- 
neering Education  has  been  studying  engineering  curricula. 
The  Committee  on  Economics  has  secured  and  published  data 
on  economics  courses  included  in  civil,  electrical,  and  me- 
chanical engineering  curricula  in  forty-two  institutions  (Pro- 
ceedings 8.  P.  E.  E.,  1918,  Vol.  XXVI,  p.  219).  Of  twenty- 
three  institutions  requiring  economics,  the  maximum  number 
of  credit  hours  was  twelve  which  was  required  by  only  one 
institution;  a  minimum  of  two  was  required  by  six  institu- 
tions; while  eight  institutions  of  the  total  of  twenty-three 
required  three  hours. 

The  Committee  serving  in  the  year  1917  recommended  to 
their  successors  of  the  Committee  of  1918  that  they  prepare  a 
definite  scope  and  content  of  courses  based  on  the  following 
topics : 

1.  A  preliminary  study  in  commercial  geography  and  in- 
dustrial history. 

2.  Fundamental  course  in  the  principles  of  economics. 

3.  Application  of  these  principles  to  engineering. 

4.  Lessons  upon  special  application  in  detail  engineering 
work. 

The  Committee  appointed  in  1918  undertook  to  follow  the 
suggestions  of  the  Commitee  of  1917.     The  Committee  dis- 
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tinguished  between  "economics"  and  ''economy  of  construc- 
tion" as  follows: 

The  term  economics  is  taken  to  mean  "The  science  of  wealth"  and  to 
deal  with  matters  pertaining  to  the  consumption,  production,  exchange 
and  distribution  of  the  world's  wealth  as  a  more  or  less  abstract  social 
science.  (Proceedings  S.  P.  E.  E.,  1918,  Vol.  XXVI,  p.  220.)  Economy 
of  construction  on  the  other  hand  should  cover  those  principles  of  design 
and  construction  which  accomplish  desired  results  with  the  minimum 
expenditure  of  money  all  factors  being  considered,  and  is  founded 
primarily  upon  unit  costs,  maintenance  and  life  of  structures,  and  cost 
of  operation. 

The  Committee  of  1918  recommended  ''that  an  outline 
course  on  economics,  but  no  more,  be  required  of  all  engineer- 
ing students.  Engineering  has  chiefly  an  economic  aspect, 
that  is,  it  has  to  do  with  the  production,  exchange,  and  dis- 
tribution of  wealth,  and  the  student  should  become  familiar 
with  those  general  factors  which  are  the  framework  of  society's 
economic  organization  and  should  be  led  to  see  how  engineer- 
ing operations  are  related  to  them.  He  should  understand 
that  an  engineer  possesses  a  training  that  has  economic  value 
and  that  he  will  be  able  to  'market  his  wares'  only  as  he  com- 
prehends the  economic  and  commercial  organization  of  society 
from  both  the  theoretical  and  practical  viewpoints." 

The  Committee  recommended  that  the  amount  of  time  de- 
voted to  the  formal  study  of  economics  be  not  more  than  three 
semester  credit  hours  and  that  the  subject  matter  be  similar  to- 
the  treatment  in  any  standard  text  on  "economics"  with  fre- 
quent illustrations  from  actual  facts  of  commercial  geography 
and  industrial  history.  Recommendation  was  made  that 
"special  subjects  in  the  economics  group,  such  as  accounting, 
labor  problems,  public  and  corporation  finance,  taxation, 
money  and  banking,  and  others,  while  possessing  much  value 
as  information  courses,  do  not  seem  to  deserve  a  place  in  the 
engineering  curriculum  owing  to  the  already  crowded  condi- 
tion of  the  latter  and  also  because  an  intelligent  technical 
graduate  can  read  books  on  any  of  these  subjects  understand- 
ingly  without  the  aid  of  an  instructor."     (Idem,  p.  222.) 
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The  Committee  directed  special  attention  to  the  mode  of 
administering  the  course  in  economics  for  engineering  stu- 
dents, owing  to  the  apathy  of  the  latter  toward  this  subject, 
and  recommended  that  the  subject  of  economics  be  taught  by 
a  professor  of  economics  having  a  broad  education  and  experi- 
ence in  corporation  business,  a  man  to  whom  the  subject  is 
alive  and  possesses  a  vital  connection  with  the  commercial 
world. 

Total  Hours  Required  per  Week. 

Professor  Breckenridge  of  Yale  University  recently  secured 
the  opinion  of  teachers  in  departments  of  mechanical  engineer- 
ing as  to  the  total  time  to  be  spent  in  class,  drawing,  labora- 
tory, and  study.  Of  eighteen  replies  the  minimum  number 
suggested  was  forty-six  and  the  maximum  fifty-four.  The 
average  was  fifty  and  five-tenths  hours.  (Bulletin  S.  P.  E. 
E.,  1919,  Vol.  IX,  p.  415.) 

Most  of  the  curricula  in  mining  and  metallurgy  now  offered 
require  not  less  than  the  average  number  of  hours  reported  by 
Professor  Breckenridge.  On  the  basis  of  the  ''Study  of  Engi- 
neering Education"  made  by  Dr.  Mann,  a  committee  for  the 
Society  for  the  Promotion  of  Engineering  recommended 

That  the  schedules  for  engineering  students  should  call  for  not  more 
than  48  work  hours  per  week  (including  recitation,  laboratory,  field  work 
and  home  preparation),  this  time  to  be  divided  among  not  more  than 
5  subjects  which  require  preparation  outside  of  class  exercise. 

That  all  engineering  students  should  be  required  to  pursue  courses 
which  will  prepare  them  for  administrative  duties  and  for  responsible 
and  effective  citizenship. 

The  Report  of  Dr.  Mann. 

Dr.  Mann  in  his  report  refers  to  the  widespread  agreement 
among  professional  engineers 

That  considerable  attention  should  be  paid  to  humanistic  studies  like 
English,  economics,  sociology,  and  history,  not  merely  because  of  their 
practical  value  to  the  engineer  but  also  because  of  their  broad  human 
values;  and  that  the  young  engineer  should  have  some  conception  of 
business  management  and  of  the  most  intelligent  methods  of  organizing 
and  controlling  men. 
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The  difficulty  in  present  school  practice  evidently  lies  in  the  exclusion 
from  the  technical  work  of  all  consideration  of  the  questions  of  human 
values  and  costs;  and,  conversely,  the  isolation  of  the  humanistic  studies 
from  all  technical  interest.  ,  .  .  And  after  all,  the  ultimate  control  of 
all  en^neering  projects,  as  of  all  activities,  is  vested  in  some  man's 
decision  that  the  game  is  really  worth  while;  and  this  control  is  likely 
to  be  more  salutary,  the  more  completely  the  man  who  decides  compre- 
hends the  full  import  of  the  values  and  costs  involved. 

The  report  of  Dr.  Mann,  published  in  1918,  has  caused 
many  engineering  educators  to  think  seriously  about  the  real 
function  of  the  institution  with  which  they  are  associated,  and 
many  beneficial  results  of  Dr.  Mann's  work  are  evident. 

Curricula  in  Commercial  Engineering. 

The  Bureau  of  Education  has  called  several  conferences  to 
consider  the  development  of  courses  in  "Commercial  Engi- 
neering." Reports  of  the  suggestions  made  at  these  confer- 
ences have  been  published,  the  most  important  of  which  are 
as  follows : 

1.  That  from  12  to  18  semester  hours  be  required  of  all  engineering 
students  covering  the  following  subjects:  General  economics,  cost  ac- 
counting, business  organization,  and  business  law. 

2.  That  for  engineering  schools  desiring  to  extend  further  the  com- 
mercial or  industrial  aspects  of  engineering,  the  following  subjects  are 
recommended  as  electives:  Labor  and  employment,  corporation  manage- 
ment and  finance,  statistics,  marketing,  scientific  management,  psychol- 
ogy, transportation,  and  political  science. 

3.  That  the  economic  phases  of  engineering  be  emphasized  in  engi- 
neering institutions  wherever  possible. 

A  brief  review  of  the  status  of  curricula  in  Commercial 
Engineering  and  Business  Administration  is  given  in  the 
Bulletin  of  the  Society  for  the  Promotion  of  Engineering 
Education  of  June,  1919.  There  have  been  two  new  types  of 
curricula  recognized,  namely  (1)  Commercial  Engineering  or 
Engineering  Administration,  which  is  planned  to  be  a  course 
of  study  leading  to  an  engineering  degree  and  which  includes 
enough  technical  subjects  to  classify  it  as  properly  an  engi- 
neering curriculum;  and  (2)  Business  Administration,  which 
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is  planned  to  be  a  course  of  study  leading  to  a  degree  in  busi- 
ness or  commerce  and  which  is  meant  to  be  a  business  admin- 
istration curriculum  although  it  contains  a  number  of  ele- 
mentary engineering  courses  as  well  as  courses  in  mathematics, 
physics,  and  applied  science.  Both  types  of  curricula  are 
planned  to  train  men  for  administrative  work,  the  former 
containing  the  more  engineering. 

It  may  be  well  to  keep  these  developments  in  business  and 
engineering  administration  curricula  in  mind  in  considering 
the  possibilities  of  mine  administration  curricula. 

In  commenting  on  this  movement  toward  the  development 
of  Commercial  Engineering,  the  Committee  on  Economics  of 
the  Society  for  the  Promotion  of  Engineering  Education 
called  attention  to  the  '^desirability  of  recognizing  the  ab- 
normal state  of  industrial  affairs  in  connection  with  the  teach- 
ing of  economics"  and  urged  *'the  importance  of  laying 
emphasis  on  sound  economic  doctrine.  The  teaching  of  sound 
economic  doctrine  in  colleges  will  be  one  means  of  hastening 
the  inevitable  return  of  the  economic  pendulum  to  the  mean 
position  which  is  so  necessary  for  further  industrial  develop- 
ment. ' ' 

Types  of  Mining  Curricula. 

Any  investigation  of  the  feasibility  of  including  training 
in  economics  and  business  subjects  in  mining  and  metallurgical 
curricula  must  recognize  the  fact  that  there  are  several  types 
of  institutions  offering  curricula  leading  to  degrees  in  mining 
engineering.  Obviously  it  will  be  impractical  to  propose  any 
group  of  subjects  which  can  be  adopted  uniformly  in  all 
institutions,  and  all  that  can  be  hoped  for  is  the  presentation 
of  general  suggestions  which  may  be  adapted  to  a  number  of 
the  undergraduate  curricula. 

In  considering  the  problems  arising  in  connection  with  the 
curricula,  control  of  courses,  teaching  staff  available,  etc.,  the 
institutions  offering  instruction  in  mining  and  metallurgy 
may  be  grouped  somewhat  as  follows: 
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1.  Schools  or  colleges  existing  as  independent  institutions  and  pri- 
marily for  instruction  in  mining  and  metallurgy  and  which  offer  three 
or  four  years  work  leading  to  an  undergraduate  degree.  Institutions 
of  this  type  have  previously  limited  instruction  to  engineering  and  sci- 
ence and  the  faculties  have  generally  not  included  men  properly  qualified 
to  offer  courses  in  economics  (as  defined  by  the  Committee  on  Eco- 
nomics of  the  Society  for  the  Promotion  of  Engineering  Education), 
accounting,  and  business  organization. 

2.  Colleges  or  departments  in  institutions  such  as  colleges  of  agri- 
culture and  mechanic  arts.  Usually  the  faculty  of  such  an  institution 
includes  men  qualified  to  give  the  business  courses  but  in  many  instances 
the  staff  is  not  large  enough  to  give  the  mining  students  the  special 
attention  required,  so  that  if  the  mining  students  are  enrolled  in  the 
courses  offered  ihey  are  not  likely  to  be  benefited  greatly  by  the  work. 

3.  Colleges  or  departments  in  institutions  in  which  a  college  of  com- 
merce is  organized.  Usually  the  teaching  staff  of  a  college  of  commerce 
is  large  enough  so  that  mining  students  may  be  segregated  from  the 
general  classes  taking  commerce  subjects  and  given  the  particular  train- 
ing desired. 

4.  Colleges  offering  mining  or  metallurgical  curricula  as  graduate  work 
only.  These  may  specify  that  certain  courses  in  economics  and  busi- 
ness are  required  for  admission  either  to  the  entire  curriculum  or  to 
certain  advanced  courses;  in  this  way  men  come  into  the  advanced 
courses  with  a  broader  viewpoint  and  a  knowledge  of  economics,  busi- 
ness practice  and  organization. 

Other  Methods  of  Securing  Business  Training. 

The  proposal  that  economics  and  business  subjects  be  re- 
quired as  prerequisites  for  admission  to  mining  and  metal- 
lurgical curricula  suggests  that  there  are  several  ways  in 
which  such  courses  or  training  may  be  given  other  than  in  the 
undergraduate  curricula.     Briefly,  they  are  as  follows : 

1.  High-school  or  business-college  courses  in  bookkeeping,  economies, 
and  business  practice  taken  prior  to  entering  college.  Certain  funda- 
mentals may  be  secured  in  this  way  and  undoubtedly,  if  there  is  no 
opportunity  to  include  courses  in  economics,  etc.,  in  the  college  or  uni- 
versity curricula,  the  student  should  be  advised  to  elect  substantial 
business  courses  in  the  high  school. 

2.  College  courses  in  economics  and  business  to  be  undertaken  after 
completion  of  a  mining  or  metallurgical  curriculum. 
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3.  Training  by  means  of  extension  or  correspondence  courses  after 
graduation  from  a  mining  or  metallurgical  curriculum. 

4.  Independent  reading  and  study  without  supervision. 

Each  of  these  plans  has  some  advantages  and,  at  times,  may 
be  the  only  means  of  training  feasible. 

Present  Status  op  Mining  Curricula. 

Information  is  available  regarding  forty  institutions  offer- 
ing curricula  leading  to  degrees  in  mining  or  metallurgy. 
Several  other  institutions  offer  some  work  of  college  grade  but 
not  a  complete  four-year  curriculum.  Of  the  forty  institu- 
tions referred  to,  thirty-three  now  have  members  of  the 
faculty  teaching  economics  as  previously  defined,  and  another 
expects  to  appoint  a  professor  of  economics  as  soon  as  a  quali- 
fied man  can  be  secured.  The  six  institutions  not  having 
chairs  of  economics  are  colleges  of  applied  science  or  mining 
and  offer  practically  no  humanistic  subjects  except  English 
and  foreign  languages. 

Only  thirteen  institutions  include  economics  in  the  mining 
and  metallurgical  curricula  as  a  required  subject  while  seven 
•others  permit  economics  to  be  taken  as  an  elective.  Of  the 
thirty-three  institutions  equipped  to  teach  economics,  there 
are  therefore  only  twenty  institutions  offering  instruction  in 
this  field  of  mining  students.  Of  the  thirty-three  institutions 
one  requires  at  least  two  years '  college  work  before  matricula- 
tion and  as  economics  may  be  elected,  the  total  number  of  in- 
stitutions in  which  economics  is  either  an  elective  or  required 
subject  is  in  fact  twenty-one. 

Several  other  institutions  are  now  proposing  courses  in 
economics  for  next  year  or  advise  that,  upon  approval  of  the 
faculty,  economic  subjects  may  be  substituted  for  certain 
courses  now  required  or  for  technical  electives. 

Economics  and  Business  Courses  Now  Required. 

Inasmuch  as  the  total  number  of  institutions  now  requiring 
economics  and  business  subjects  is  only  thirteen,  it  may  be 
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profitable  to  make  a  rapid  survey  of  the  subjects,  hours,  and 
content  of  the  courses  described. 

Number  1  (a  state  university)  requires  a  three-hour  course 
in  economics  during  the  third  quarter  of  the  senior  year.  In 
addition  there  is  a  three-hour  course  in  mine  management 
given  by  a  member  of  the  mining  faculty,  and  a  two-hour 
course  in  mining  law  by  a  lawyer. 

Number  2  (a  college  of  agriculture  and  mechanic  arts)  re- 
quires a  three-hour  course  in  economics  in  the  first  semester  of 
the  senior  year,  followed  by  a  three-hour  course  in  either 
corporations,  money  and  banking,  or  transportation  problems. 
There  are  also  courses  in  mining  law  and  mine  management. 

Number  3  (a  state  university)  requires  a  three-hour  course 
in  economics  the  first  semester  of  the  senior  year,  followed  by 
a  two-hour  course  in  industrial  administration,  the  latter 
being  taught  by  a  member  of  the  engineering  faculty.  The 
mining  faculty  gives  a  one-hour  course  in  mine  administration 
and  a  two-hour  course  in  mine  examination  and  reports. 

Number  4  (a  school  of  technology)  requires  a  three-hour 
course  in  economics  throughout  the  junior  year.  The  mining 
courses  present  the  business,  sociological  and  legal  phases  of 
mining. 

Number  5  (a  school  of  mines)  requires  a  three-hour  course 
in  economics  in  both  semesters  of  the  senior  year.  The  pro- 
fessor of  mining  gives  a  one-hour  course  in  mine  management 
during  two  semesters  and  a  one-hour  course  in  mining  law 
for  one  semester. 

Number  6  (a  college  of  agriculture  and  mechanic  arts)  re- 
quires a  three-hour  course  in  economics  during  the  first 
semester  of  the  senior  year,  followed  by  a  three-hour  course  in 
labor  problems.  The  mining  department  gives  a  two-hour 
course  in  mine  administration  and  examination,  a  one-hour 
course  in  economics  of  mining,  and  a  one-hour  course  in  min- 
ing law. 

Number  7  (a  university)  requires  a  two-hour  course  in  eco- 
nomics, followed  by  a  two-hour  course  in  labor  problems. 
Most  of  the  students  have  also  been  required  to  take  a  two- 
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hour  course  in  corporation  finance,  a  two-hour  course  in 
modern  industries,  and  a  two-hour  course  in  accounting.  The 
mining  department  has  given  a  five-hour  course  one  semester 
in  economics  applied  to  mining.  If  a  proposed  curriculum  is 
approved,  business  and  economic  subjects  will  be  given  for  five- 
hours  throughout  the  junior  year  and  probably  at  least  one- 
half  of  the  entire  time  of  the  senior  year  will  be  devoted  to 
business  courses. 

Number  8  (a  university)  requires  economics  two  hours  dur- 
ing the  first  semester  of  the  sophomore  year,  followed  in 
sequence  by  accounting  (2  hours),  business  law  (3  hours), 
finance  (2  hours),  industrial  management  (2  hours),  and  con- 
tracts and  specifications  (2  hours).  All  of  these  subjects  ex- 
cept the  last  are  taught  by  the  economics  department.  The 
mining  department  gives  courses  in  mine  administration, 
valuation,  etc. 

Number  9  (a  state  university)  has  not  required  economics 
but  a  new  curriculum  now  includes  economics  (three  semester 
hours)  ;  money,  credits,  and  banking  (three  hours)  ;  business 
law  (three  hours)  ;  and  accounting  (two  hours).  These  sub- 
jects are  to  be  required  for  all  engineering  students.  The 
mining  department  now  gives  a  two-hour  course  in  mine 
management. 

Number  10  (a  school  of  technology)  proposes  to  train  men 
for  the  position  of  mine  superintendents  and  managers.  The 
curriculum  includes  twenty  commercial  and  non-technical 
topics,  including  economics,  contracts,  mining  law,  commercial 
law,  bookkeeping,  cost  accounting,  corporation  finance,  bank- 
ing and  insurance,  compensation  insurance,  labor  problems, 
industrial  management,  transportation,  advertising  and  sales- 
manship, and  applied  psychology. 

Number  11  (a  university)  requires  four  semesters  of  work 
in  economics  and  business,  as  follows:  Economics,  first 
semester,  junior  year,  three  hours;  business  finance,  second 
semester,  junior  year,  three  hours;  and  accounting,  both 
semesters  of  the  senior  year,  three  hours.  Courses  in  mine 
management,  mine  accounts,  and  mining  law  are  included  in 
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a  graduate  curriculum.  The  mining  law  is  taught  by  a  mem- 
ber of  the  law  faculty. 

Number  12  (a  state  university)  requires  a  course  in  eco- 
nomics extending  through  both  semesters  of  the  senior  year. 
The  mining  department  gives  a  two-hour  course  in  mine  man- 
agement and  accounts.  All  of  the  other  engineering  students 
take  additional  courses  in  engineering  economics  (one  hour) 
and  engineering  jurisprudence  (two  houi^)  taught  by  a  mem- 
ber of  the  engineering  faculty. 

Number  13  (a  school  of  mines)  requires  a  three-hour  course 
in  economics  during  the  second  semester  of  the  junior  year. 
The  mining  department  gives  a  two-hour  course  in  mine  ac- 
counting and  a  one-hour  course  in  mining  law  for  one 
semester. 

Mining  Courses  with  Economic  Aspects. 

A  number  of  institutions,  in  addition  to  those  cited  above, 
offer  and  require  courses  in  mine  examination  and  valuation, 
mining  law,  and  mine  management.  A  few  give  special  atten- 
tion to  labor  problems  in  the  mining  industry.  One  institu- 
tion includes  mine  examination  and  reports  and  economics  of 
mining  as  required  subjects  in  the  graduate  curriculum. 

It  is  no  reflection  upon  the  men  giving  these  courses  to  say 
that  in  general  these  courses  may  be  classed  as  courses  similar 
to  those  grouped  by  the  Committee  on  Economics  of  the  So- 
ciety for  the  Promotion  of  Engineering  Education  as  *' eco- 
nomics of  construction"  and  not  truly  courses  in  "economics." 

Several  institutions  now  offer  courses  in  mine  accounts  that 
are  entirely  adequate  for  an  engineer  who  does  not  expect  to 
become  an  accountant;  most  of  the  other  mining  curricula 
would  be  strengthened  by  the  addition  of  a  general  course  in 
accounting. 

Business  Courses  Suggested. 

In  the  opinion  of  the  writer,  provision  should  be  made  for 
instruction  in  the  following  subjects,  all  of  which  should  be 
given  three  hours  a  semester  if  possible : 
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1.  Principles  of  economics  as  outlined  in  any  standard  text,  giving 
special  attention  to  illustrative  material  which  should  be  selected  care- 
fully. The  method  of  teaching  should  be  a  combination  of  lectures, 
recitations,  discussions,  and  assigned  problems.  The  course  may  well 
come  in  the  first  semester  of  the  junior  year. 

2.  Business  organization  and  corporation  finance.  This  course  may 
be  given  either  directly  after  the  course  in  economics  or  may  follow  the 
course  in  business  law  and  accounting.  It  should  include  a  general 
survey  of  the  types  of  business  organization,  the  incorporation  of  com- 
panies, financial  problems  in  connection  with  corporate  organization,  and 
the  organization  of  mines  and  mining  companies  from  an  operating 
standpoint. 

3.  Business  law.  If  other  courses  have  not  presented  the  funda- 
mentals of  mining  law,  these  fundamentals  may  be  included  in  this 
course,  but  the  major  portion  of  the  time  assigned  to  this  course  should 
be  given  to  the  presentation  of  the  fundamental  features  of  the  law  of 
business.  Among  the  most  important  subjects  to  be  considered  are 
contracts,  real  property,  agency,  sales,  and  negotiable  instruments.  In 
many  engineering  institutions  courses  are  now  given  in  contracts  and 
specifications.  The  course  in  business  law  may  properly  precede  a  course 
on  engineering  specifications  and  the  writing  of  engineering  contracts 
as  taught  by  an  engineering  instructor. 

The  course  in  business  law  will  probably  be  considered  by  the  stu- 
dents as  a  failure  unless  the  illustrations  used  have  an  industrial  back- 
ground. While  the  case  method  as  used  in  the  law  schools  cannot  be 
followed  closely  owing  to  the  fact  that  it  has  been  developed  with  the 
idea  of  presenting  legal  procedure  as  well  as  rules  of  law,  the  use  of 
carefully  selected  cases  as  illustrations  in  conjunction  vdth  a  standard 
text  on  business  law  is  highly  desirable.  Experience  has  shown  that 
good  results  can  be  secured  in  teaching  business  law  to  engineering 
students  if  carefully  selected  cases  are  assigned  occasionally. 

4.  Accounting.  Students  should  be  advised  to  take  bookkeeping  in 
high  school.  The  college  course  should  include  an  outline  of  account- 
ing and  bookkeeping;  double  entry;  fundamental  accounts  and  books. 
The  fundamentals  of  cost  accounting  should  be  presented  and  the  prepa- 
ration and  analysis  of  financial  statements  of  mining  corporations. 

The  foregoing:  suggestions  can  be  modified  to  meet  the  local 
problems  of  various  institutions.  Several  institutions  are  now 
giving  courses  of  the  nature  and  extent  suggested  while  others 
are  giving  more  courses  and  much  more  time  than  the  writer 
suggests. 
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Difficulties. 

Among  the  difficulties  to  be  encountered  in  introducing  such 
courses  are  (1)  the  prejudice  of  the  students  and  some  mem- 
bers of  the  faculty  against  courses  in  economics;  (2)  the 
present  crowded  condition  of  the  curricula,  resulting  in  the 
students  neglecting  non-technical  subjects  for  technical 
courses;  (3)  the  fact  that  several  institutions  have  not  previ- 
ously employed  a  teacher  of  economics;  and  (4)  the  scarcity 
of  qualified  teachers  of  economics,  particularly  those  who  have 
sufficient  knowledge  of  industry  and  of  the  engineering  pro- 
fession to  appreciate  the  viewpoint  of  the  engineer. 

In  the  institutions  which  now  provide  instruction  in  eco- 
nomics, but  in  which  the  mining  curricula  do  not  include 
economics  as  a  required  subject,  the  objection  to  the  addition 
of  economics  is  generally  that  no  time  is  available  or  that  the 
economics  faculty  will  not  provide  a  proper  course  for  engi- 
neers. The  latter  objection  may  be  overcome  by  cooperating 
with  the  economics  faculty  and  preparing  a  detailed  outline 
of  the  courses  desired,  based  upon  the  experience  of  the  in- 
stitutions in  which  economics  courses  for  engineers  have  been 
established  successfully. 

The  objection  has  been  raised  that  the  mining  curricula  are 
so  crowded  that  the  addition  of  non-technical  courses  will 
result  in  the  elimination  of  essential  engineering  work.  Two 
plans  may  be  suggested  to  meet  this  objection,  as  follows : 

1.  Provide  an  undergraduate  curriculum  to  be  known  as  the 
**mine  administration  curriculum";  include  in  it  the  eco- 
nomics and  business  courses  desired ;  and  for  this  curriculum 
give  a  Bachelor  of  Science  degree  but  not  in  engineering.  In 
a  number  of  institutions  this  is  not  feasible,  as  the  degrees 
conferred  are  exclusively  in  engineering. 

2.  Add  a  fifth  year,  including  some  graduate  work  in  min- 
ing but  largely  courses  in  economics  and  business.  The  de- 
mand for  a  four-year  instead  of  a  five-year  course  will  prob- 
ably prevent  the  successful  development  of  the  latter  plan  in 
many  institutions. 
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Institutions  of  the  first  rank  have  been  able  to  provide  as 
much  as  twelve  semester  hours  time  for  economic  subjects.  It 
may  not  be  advisable  to  introduce  more  than  six  hours  when 
the  new  courses  are  inaugurated.  But  before  the  entire  pro- 
posal to  introduce  economics  courses  is  dismissed  on  the 
ground  that  no  time  is  available,  the  following  questions 
should  be  asked  searchingly  by  each  administrative  officer  in 
regard  to  his  own  institution: 

1.  Are  the  students  now  matriculated  properly  qualified  to 
do  collegiate  work? 

2.  Is  the  undergraduate  instruction  given  effectively? 

3.  Is  the  student's  time  taken  up  with  routine,  details,  or 
courses  consisting  chiefly  of  informational  matter  which  can 
be  read  independently  after  graduation? 

As  thirteen  institutions  have  endorsed  the  plan  of  giving 
instruction  in  economics  and  business  and  have  found  it  feas- 
ible to  adjust  the  curricula  to  permit  such  courses  to  be  given, 
it  is  no  longer  logical  to  dismiss  the  problem  by  saying  **it 
cannot  be  done"  or  *'it  will  not  work."  With  students 
properly  qualified  to  enter  college  and  with  a  competent 
faculty,  it  has  worked. 

New  Economic  Problems. 

In  conclusion,  it  seems  appropriate  in  urging  the  timeliness 
"of  training  in  economics  for  mining  students  to  refer  to  the 
various  broad  economic  problems  being  discussed  in  the  United 
States  and  Europe,  among  which  is  the  nationalization  of 
mines.  Serious  consideration  is  being  given  to  this  matter  in 
Great  Britain,  and  whether  or  not  we  favor  or  oppose  the  plan 
being  discussed,  it  is  important  that  the  men  who  are  to  be 
the  leaders  in  the  mining  profession  shall  be  able  to  think 
clearly  upon  such  momentous  questions. 

On  August  18,  1919,  the  Prime  Minister  addressed  the 
British  Parliament  regarding  the  report  of  the  Coal  Com- 
mission as  follows : 

We  have  accepted  the  principles  of  unification  and  reorganization,  and 
we  think  that  even  the  owners  realize  that  there  is  a  very  great  case 

166 


BUSINESS  TRAINING. 

made  out  for  that,  because  you  have  the  waste  which  is  due  to  a  large 
number  of  different  enterprises  running  in  the  same  area  under  different 
management — waste  of  power,  waste  in  management,  waste  in  distribu- 
tion. There  is  also  undoubtedly  a  case  to  be  made  out  for  giving  the 
miners  a  greater  interest  and  voice  in  the  working  conditions  which 
affect  them.  Therefore  we  make  this  recommendation — that  in  view  of 
the  fact  that  the  living  and  livelihood  of  the  miners  depend  on  the  way 
the  mines  are  worked,  means  should  be  devised  for  securing  their  co- 
operation in  shaping  the  general  conditions  of  the  industry  without  inter- 
fering with  the  executive  control  of  individual  mines. 

Now  I  come  to  our  recommendation  with  regard  to  unification.  It  is 
that  the  industry  shall  be  so  organized  as  to  reduce  to  a  minimum  the 
expense  of  management  and  working  charges,  and  with  this  end  in  view 
the  country  should  be  divided  into  defined  areas,  in  each  of  which  the 
amalgamation  of  neighboring  mines  should  be  undertaken  within  a 
limited  period,  say  two  years,  and  that  the  workers  in  and  about  the 
mines  should  have  directors  representing  them  in  the  body  controlling  the 
area  group  to  which  they  belong. 

The  government  proposes  to  prepare  a  scheme  and  submit  it  to  Parlia- 
ment with  the  least  possible  delay,  by  which  the  minerals  should  be 
purchased  by  the  state  and  funds  raised  for  the  purpose  of  promoting 
schemes  for  the  social  improvement  and  amelioration  of  the  conditions 
and  amenities  of  life  in  the  mining  villages.  The  state  should  not 
purchase  the  business  of  mines. 

The  plan  proposed  was  not  acceptable  to  trade  unionists  in 
general,  and  by  a  vote  of  4,478,000  to  77,000  a  resolution  was 
carried  which  in  effect  demands  the  nationalization  of  the 
coal  mines.  The  nationalization  of  coal  mines  has  become  one 
of  the  leading  questions  of  the  day  in  England. 

If  nationalization  of  mines  becomes  a  fact  in  England,  it  is 
not  unreasonable  to  expect  there  will  be  a  serious  considera- 
tion of  the  same  subject  in  America,  and  if  it  becomes  a  critical 
question  here,  the  mining  profession  must  be  ready  to  con- 
sider it  on  broad  lines. 

The  time  appears  to  be  at  hand  when  the  mining  engineer 
must  take  a  more  prominent  part  in  the  affairs  of  the  nation ; 
he  can  do  this  much  more  effectively  if  he  has  a  broad  training 
and  is  qualified  to  consider  the  fundamental  economic  prob- 
lems of  the  mining  industry  and  of  the  nation.     Collegiate 

167 


BUSINESS  TRAINING. 

courses  as  proposed  will  aid  materially  in  furnishing  this 
training. 

The  responsibility  of  the  faculty  in  this  matter  cannot  be 
overlooked.  A  recent  publication  of  the  engineering  school  of 
a  leading  university  contains  the  following  statement: 

The  aims  which  have  served  as  controlling  considerations  in  the  selec- 
tion of  the  teaching  staff  and  in  the  laying  out  of  the  instruction  of 
the  school  are:  to  train  men  to  think;  to  lay  a  broad  and  deep  founda- 
tion with  an  outline  of  the  superstructure  which  can  be  filled  in  gradu- 
ally from  the  training  and  observation  which  come  from  practical  ex- 
perience; to  encourage  the  student  so  thoroughly  to  understand  each 
problem,  that  he  can  apply  the  same  principles  intelligently  to  the 
solution  of  entirely  different  kinds  of  problems,  and  finally  to  train  men 
to  be  good  citizens  as  well  as  good  engineers. 

As  the  faculty  is  responsible  for  the  breadth  and  depth  of 
foundation  and  the  outline  of  the  superstructure,  the  subject 
of  training  in  economics  and  business  should  be  considered 
with  the  care  and  the  thought  which  its  importance  warrants. 
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BY  F.  G.  HIGBEE, 

Prof^asor  and  Head,  Department  of  Descriptive  Geometry  and  Drawing, 
State  University  of  Iowa. 

What  is  the  purpose  of  the  college  shop  1  Just  what  func- 
tion does  it  perform  in  the  educational  process  of  which  it  is  a 
part?  And  how  is  the  college  shop  operated?  These  are 
questions  which  may  be  answered  in  as  many  ways  as  there 
are  college  shops ;  there  seems  to  be  no  general  agreement  con- 
cerning the  purpose,  the  function,  and  the  operation  of  this 
important  feature  of  engineering  education.  It  would  seem, 
therefore,  that  it  might  be  worth  while  to  answer  these  ques- 
tions without  regard  to  conditions  as  they  may  exist  and  to 
set  down  what  a  college  shop  should  aim  to  accomplish  and 
how  it  may  do  this  merely  for  the  sake  of  establishing  an 
ideal  which  might  be  used  as  a  gauge  for  college  shop  in- 
struction. 

Broadly  speaking  the  purpose  of  the  college  shop  should 
be  to  provide  each  student  of  engineering  with  the  oppor- 
tunity to  study  at  close  range  the  business  of  manufacturing, 
including  all  of  the  elements  which  form  a  part  of  the  process 
of  production.  In  other  words  the  college  shop  should  be  a 
manufacturing  organization  complete  in  every  detail  wherein 
a  student  may  have  the  opportunity  for  first  hand  study  of 
operating  conditions  and  the  experience  of  being  a  unit  in 
each  department  of  such  an  organization,  always  of  course 
under  proper  instruction  and  close  supervision. 

The  organization  and  equipment  of  a  college  shop  to  operate 
under  such  conditions  is  neither  a  difficult  nor  an  expensive 
matter,  but  there  are  certain  prime  essentials  which  must  be 
kept  constantly  in  the  foreground  if  the  plan  is  to  be  a  success. 
The  first  and  most  important  of  these  essentials  is  the  fact 
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that  even  though  the  shop  is  a  manufacturing  and  producing 
organization  it  is,  nevertheless,  a  part  of  an  educational 
process  and  that,  therefore,  its  efficiency  is  not  to  be  measured 
in  terms  of  production,  as  one  would  measure  a  commercial 
establishment,  but  rather  in  terms  of  the  opportunities  it 
affords  students  for  learning  the  methods  by  which  production 
may  be  accomplished.  This  condition  necessarily  effects  shop 
management  to  a  certain  degree,  but  the  shop  should  be  organ- 
ized as  near  as  possible  on  a  commercial  basis.  Another  essen- 
tial of  first  importance  is  the  elimination,  to  a  much  greater 
degree  than  is  usually  found  in  college  shops,  of  exercise  work 
and  the  substitution  therefore  of  work  on  actual  parts  of  some 
article  of  commercial  use.  This  means  that  the  shop  must  be 
manufacturing  some  article  whose  several  parts  will  afford 
the  variety  of  operations  necessary  for  a  complete  and  com- 
prehensive experience  in  production,  and  an  article  which  the 
student  may  follow  through  the  organization  from  drafting 
room  to  shipping  floor.  This  is  essential  if  the  idea  of  shop 
management  and  production  is  to  be  completely  carried  out, 
and  while  it  is  not  difficult  to  find  such  an  article  it  must  be 
selected  with  some  care  in  order  to  provide  the  proper  variety 
of  work  and  to  avoid  the  danger  of  attempting  something 
beyond  the  capacity  of  a  college  shop. 

It  may  seem  that  the  two  ideas  of  conducting  a  college  shop 
on  a  commercial  basis  and  at  the  same  time  making  it  a  part 
of  an  educational  scheme  are  directly  opposed,  and  in  a 
measure  they  are.  If  the  educational  feature  of  this  plan 
is  to  predominate  the  commercial  feature  must,  of  course,  be 
subordinate  and,  in  consequence,  the  shop  can  not  be  expected 
to  produce  according  to  commercial  standards  nor  to  operate 
at  a  profit.  But  this  is  not  necessary.  Since  educational 
institutions  are  not  conducted  for  profit  it  will  be  possible  to 
operate  the  college  shop  just  as  thought  it  were  producing  at  a 
profit.  And  even  though  it  will  doubtless  operate  at  a  loss  it 
is  not  improbable  that  the  "educational  profit"  per  student 
will  be  materially  increased. 

Let  it  be  assumed  for  the  sake  of  demonstrating  the  possi- 
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bilities  of  this  plan  of  shop  education,  and  not  because  the 
arrangement  is  necessarily  the  best,  that  the  shop  organiza- 
tion is  divided  into  four  general  departments  of  instruction; 
the  engineering  department,  the  production  department,  the 
assembly  department,  and  the  business  department.  The  form 
of  the  organization  and  the  function  of  each  department  may 
be  varied  to  suit  local  conditions  if  need  be ;  the  essential  part 
of  this  plan  is  not  the  form,  it  consists  in  having  organization 
and  keeping  it  as  efficient  as  possible  both  as  to  production  and 
to  teaching. 

The  work  of  the  engineering  department  should  include  the 
work  now  usually  done  in  colleges  by  the  department  of 
drawing  and  design.  There  is  no  especial  need  to  reorganize 
any  college  in  order  to  carry  out  this  plan  of  shop  instruction, 
but  there  must  be  coordination  and  cooperation.  In  addition 
to  furnishing  the  college  shop  with  complete  drawings  of  the 
article  for  production,  including  the  drawings  for  all  tools, 
jigs,  and  fixtures,  it  should  be  the  function  of  this  department 
also  to  study  and  plan  the  progress  of  the  work  through  the 
shop  and  to  furnish  instruction  cards  for  the  workmen.  It 
will  be  evident,  therefore,  that  from  an  educational  stand- 
point this  department  must  teach  drafting  and  design,  tool 
design,  drafting-room  management,  including  the  filing  and 
indexing  of  drawings  and  information,  as  well  as  to  teach  the 
functions  of  a  planning  department  and  its  proper  operation. 
It  is  not  to  be  assumed  that  a  student  is  to  take  the  entire  work 
of  such  a  department  in  one  dose ;  on  the  contrary  he  should 
pass  back  and  forth  from  one  department  to  another  in  that 
order  which  will  best  promote  his  progress.  For  example, 
after  he  has  learned  to  make  a  shop  drawing  he  should  enter 
the  production  department  to  learn  how  it  is  used,  and  after 
acquiring  some  shop  experience  he  might  reenter  the  engineer- 
ing department  to  take  up  some  other  work  in  that  phase  of 
the  development  of  the  manufacturing  process. 

The  advantages  of  such  an  arrangement  are  more  or  less 
obvious ;  in  no  better  way  can  a  student  be  made  to  appreciate 
what  is  required  of  a  drawing  and  what  it  is  for,  of  how  shop 
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considerations  effect  desi^,  and  of  what  the  functions  of  an 
engineering  department  are.  The  fact,  too,  that  he  is  a  part 
of  a  shop  organization  is  an  education  in  itself. 

The  producing  department  may  be  organized  without 
changing  the  arrangement  which  is  common  in  most  college 
shops.  There  should  be  of  course  a  pattern  shop,  a  foundry, 
a  forge  shop,  a  machine  shop,  and  a  tool  room.  The  student 
should  follow  the  progress  of  a  number  of  parts  through  each 
of  these  shops  in  turn  and  in  addition  perhaps  study  the  pro- 
duction of  some  special  pieces  designed  to  bring  out  special 
operations  not  included  in  the  manufacture  of  the  regular 
product. 

As  a  general  thing  college  shops  devote  too  much  time  to 
teaching  operation  with  the  result  that  the  student  gets  the 
notion  that  he  is  ''learning  to  run  a  lathe"  or  'Ho  make  a 
pattern."  If  time  were  available  the  acquisition  of  such 
ability  would  be  an  extremely  desirable  thing  for  him  both 
practically  and  educationally,  but  with  the  limited  amount  of 
time  allowed  for  shop  education  the  acquiring  of  the  ability 
to  operate  this  or  that  machine  or  to  perform  this  or  that 
operation  in  shop  production  is  a  secondary  consideration. 
The  student  is  in  the  shop  primarily  to  learn  how  things  are 
done  rather  than  to  acquire  the  ability  to  do  them  himself. 
He  should  be  primarily  an  observer  and  secondarily  a  ' '  doer. '  * 
To  learn  production  with  this  ideal  prevailing  will  require  a 
method  of  teaching  not  usually  found  in  college  shops. 

Each  department  of  the  shop  should  be  in  charge  of  a  fore- 
man who  is  also  a  teacher,  and  under  him  there  should  be  at 
work  enough  expert  workmen  to  illustrate  all  phases  of  the 
work  he  is  teaching.  The  student  then  should  enter  each  of 
these  departments  in  turn  as  an  observer;  in  his  possession 
he  should  have  a  set  of  question  sheets  designed  to  cover  the 
entire  range  of  operations  of  machines  and  tools  in  that  de- 
partment, and  it  should  be  his  business  to  find  out,  with  the 
assistance  of  the  foreman  and  his  workmen,  the  answers  to 
these  questions.  Wlien  this  has  been  satisfactorily  done  as 
much  time  as  can  be  allowed — and  the  more  time  the  better — 
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should  be  devoted  to  the  learning  of  the  trade  under  the 
guidance  of  the  workmen.  It  must  be  apparent  that  under 
such  an  arrangement  the  student  may  acquire  in  a  short  time 
a  wide  range  of  information  and  an  intimate  knowledge  of 
shop  production.  The  value  of  all  of  this  depends  absolutely 
upon  the  comprehensiveness  of  the  question  sheets,  the  thor- 
oughness with  which  it  is  required  they  should  be  grasped, 
the  searching  character  of  the  investigation  demanded,  and 
the  amount  of  assigned  reading. 

Such  a  plan  of  operation  puts  the  college  shop  on  a  produc- 
ing basis  independent  of  student  workmen,  yet  at  the  same 
time  it  affords  the  opportunity  for  close  observation  of  work 
being  done  under  commercial  conditions  by  expert  workmen. 
It  may  be  justly  argued  that  this  method  of  teaching  allows 
very  little  time  for  the  student  to  learn  to  perform  shop 
operations  himself;  while  this  may  doubtless  be  the  case  it  is 
to  be  remembered  that  the  function  of  the  college  shop  is  not 
to  train  operatives  but  to  teach  the  larger  phases  of  shop 
production;  the  function  of  each  machine  and  tool,  of  each 
department,  of  each  unit  in  the  shop  organization,  the  possi- 
bilities and  limitations  of  materials,  of  machines,  and  of  men, 
and  the  relation  of  all  of  these  to  the  general  process  of  manu- 
facturing. 

Having  studied  production  the  student  should  now  take  up 
some  features  of  shop  training  often  neglected  in  college 
shops.  These  have  been  grouped  for  convenience  under  the 
assembly  department,  but  it  is  not  important  to  keep  them 
there.  Indeed,  it  may  be  found  in  some  cases  to  shift  some 
of  them  to  other  departments  would  result  in  a  better  arrange- 
ment. In  this  department  the  student  should  study  the 
proper  methods  of  inspection  of  parts,  the  assembly  of  parts 
into  the  complete  machine  and  of  course  as  much  time  as 
possible  should  be  devoted  to  actual  practice  of  these  methods. 
Following  inspection  and  assembly  such  matters  as  painting 
and  finishing  should  be  taken  up,  the  testing  of  the  machine, 
and  crating  and  packing  for  shipment.  There  should  also  be 
an  opportunity  to  study  the  purpose  and  operation  of  the 
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stock  room  for  the  storage  of  raw  materials,  patterns,  and 
finished  parts  and  their  issuance  to  the  shop.  These  are 
operations  of  minor  importance  in  shop  production  which  may 
account  for  the  fact  that  they  are  usually  neglected,  but  never- 
theless they  are  important  enough  to  warrant  some  study  if 
the  student  is  to  acquire  a  complete  knowledge  of  production. 

The  study  of  business  management  should  be  included  in 
shop  education  as  well  as  the  study  of  production.  It  is  the 
lack  of  such  information  that  causes  employers  sometimes  to 
stand  amazed  at  the  ignorance  of  the  college  graduate!  The 
purchasing  of  supplies,  the  method  of  conducting  advertising 
and  sales,  accounting,  and  shop  organization  are  the  essential 
things  to  be  studied,  and  after  an  appreciation  of  their  im- 
portance has  been  impressed  upon  the  student  by  his  experi- 
ences in  the  shop  these  important  features  of  management 
should  be  welcomed  by  the  student  as  a  part  of  shop  training. 

In  conclusion  it  may  be  seen  then  that  the  purpose,  the 
function,  and  the  operation  of  the  college  shop  should  be 
established  on  a  basis  designed  to  provide  a  broad  training  in 
the  business  of  manufacturing,  to  teach  the  ''why"  rather 
than  the  **how"  of  shop  production,  and  to  afford  the  oppor- 
tunity of  acquiring  this  training  and  experience  in  a  labora- 
tory of  shop  training  conducted  on  a  commercial  basis. 
Necessarily  the  description  of  such  college  shop  and  its  opera- 
tion here  given  is  very  general,  but  from  even  this  bare  out- 
line it  should  be  clear  that  such  a  shop  is  not  an  impossibility. 
It  should  also  be  apparent  that  the  plan  of  instruction  here 
outlined  offers  a  solution  for  that  lack  of  knowledge  so  often 
encountered  among  technical  men  of  the  thousand  and  one 
small  things  in  shop  management  of  which  the  great  whole  is 
built. 
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PRELIMINARY  REPORT  OF  COMMITTEE  NO.  22, 
INTELLIGENCE  TESTS. 

The  six  examinations  that  were  prepared  by  Committee 
No.  22  on  intelligence  tests  have  been  given  to  a  large  number 
of  engineering  colleges  represented  in  the  Society.  Approxi- 
mately ten  thousand  engineering  freshmen  have  taken  these 
tests  and  the  Committee  is  now  receiving  data  from  the  par- 
ticipating colleges  on  the  test  scores.  We  are  now  engaged 
in  the  task  of  preparing  norms  of  performance  on  each  of  the 
colleges  by  which  the  standing  of  each  student  in  each  test 
may  be  determined  relative  to  his  classmates  or  relative  to 
engineering  freshmen  in  general.  Later  other  data  sheets 
will  be  sent  to  the  participating  colleges  for  recording  the 
scholastic  standing.  These  will  be  checked  against  the  test 
scores  by  correlation  statistics.  The  same  procedure  will  be 
applied  with  the  high-school  scholarship  and  with  entrance 
examinations  in  an  effort  to  determine  the  predictive  value  of 
intelligence  tests,  the  special  examinations,  the  college  en- 
trance examination,  and  high-school  scholarship. 

One  of  the  most  important  tasks  of  the  Committee  is  to 
ascertain  whether  or  not  we  can  reduce  the  number  of  failures 
by  properly  selected  criteria  for  admission  without  reducing 
the  number  of  students  admitted  to  each  college.  For  this 
reason  it  is  highly  desirable  that  each  participating  college 
keep  a  close  record  of  the  reason  for  withdrawal  of  all 
students  that  drop  out  during  the  college  course.  This  will  be 
the  subject  of  a  special  inquiry  and  the  predictive  value  of 
each  entrance  criterion  will  be  determined  with  respect  to  the 
failures. 

The  Committee  is  also  anxious  to  enlist  the  cooperation  of 
a  large  number  of  representative  secondary  schools  and  for 
this  reason  four  thousand  sets  of  test  papers  have  been 
printed.     The  members  of  the  Society  will  assist  consider- 
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ably  in  this  investigation  by  calling  the  attention  of  repre- 
sentative secondary  schools  to  the  fact  that  these  test  papers 
are  now  available  for  high-school  seniors. 

C.  R.  DOOLEY, 

D.  C.  Jackson, 
W.  T.  Magruder, 
Anson  Marston, 

L.  L.  Thurstone,  Chairman. 
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How  Are  We  to  Recruit  the  Teaching  Profession? — The 

demand  for  engineers  and  espeeially  men  of  experience  with 
specialized  knowledge  in  industry,  has  increased  enormously 
since  1914.  This  is,  of  course,  pleasing  to  all  interested  in  the 
promotion  of  engineering  education  but  there  is,  however,  one 
effect  which  is  a  maitter  of  serious  concern  to  all,  that  is  the 
draft  which  has  been  made  on  engineers  engaged  in  teaching, 
an  increasing  number  of  whom  are  l-eaving  the  teaching  pro- 
fession to  accept  more  lucrative  positions  in  commer<iial  life. 
Most  of  these  men  prefer  teaching;  they  are  interested  in  it 
and  are  successful,  but  the  eompensation  allowed  teachers  has 
decreased  relatively  so  much  that  many  have  been  unable  to 
refuse  the  offers  and  especially  opportunities  of  commercial 
life.  Another  factor  which  produces  the  same  effect  is  the  in- 
crease in  the  freshman  class  of  nearlj-  every  engineering  school 
in  the  country.  This  means  if  the  attendance  in  the  freshman 
class  becomes  normal  in  the  next  two  years,  a  very  decided  in- 
crease in  the  attendance  at  engineering  schools.  These  two 
factors  are  causing  a  dearth  of  trained  teachers  in  engineering 
schools.  The  immediate  effect  of  this  shortage  of  teachers  has 
been  the  creating  in  many  schools  of  large  sections  in  all  sub- 
jects. The  teaching  staff  must  be  materially  increased  if  we 
are  to  retain  sections  of  a  size  which  can  be  taught  efficiently 
or  even  taught  at  all.  The  Secretary  of  this  Society  has  re- 
ceived a  large  number  of  notices  of  vacant  positions  not  only 
of  the  lower  grades,  but  in  all  positions  in  engineering  schools. 
The  situation  is  extremely  critical  and  some  organized  effort 
should  be  made  to  increase  the  teaching  staff  and  provide 
properly  trained  teachers  of  engineering  subjects.  Of  course, 
one  of  the  controlling  factors  in  the  whole  situation  is  the  mat- 
ter of  salaries.    This,  however,  seems  to  be  slowly  but  surely 
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adjusting  itself  and  we  m^ay  expect  in  the  next  year  or  two, 
to  find  teachers'  salaries  commensurate  with  those  paid  for 
commercial  work.  This,  however,  is  not  the  controlling  fac- 
tor. Greater  opportunities  for  investigation,  study  and  writ- 
ing must  be  provided  for  the  engineer  engaged  in  teaching. 
This  is  one  of  the  reasons  why  in  the  past  so  many  good  men 
have  entered  the  teaching  profession.  Today  another  factor 
is  entering,  namely,  a  necessity  for  all  teachers  of  engineer- 
ing to  have  at  least  a  year  of  practical  engineering  work 
before  becoming  teachers.  It  is  no  longer  feasible  or  practical 
to  select  a  man  having  high  academic  records  from  the  senior 
class,  appoint  him  as  an  assistant,  have  him  devote  his  entire 
time  to  academic  instruction  and  gradually  promote  him  in 
the  teaching  profession.  The  students  of  our  engineering 
schools  no  longer  itake  kindly  to  this  type  of  instruction. 
Many  of  them  have  had  experience  themselves  and  demand 
greater  experience  on  the  part  of  the  engineering  teacher. 
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University  of  Illinois. — Registration  of  Students. — The 
number  of  undergraduate  students  registered  in  the  College 
of  Engineering  of  the  University  of  Illinois  on  November  1, 
1919,  is  as  follows : 

Architecture    127 

Architectural   Engineering    147 

Ceramic  Engineering   47 

Civil  Engineering   326 

Electrical  Engineering 445 

General  Engineering  Physics   2 

Mechanical  Engineering    515 

Mining    Engineering    58 

Municipal  and  Sanitary  Engineering    11 

Eailway    Engineering    36 

Total     1,714 

Engineering  Investigation  of  National  Importance  to  he 
Carried  on  hy  the  Illinois  Engineering  Experiment  Station. — 
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In  1915  Mr.  Ambrose  Swasey,  of  Cleveland,  Ohio,  a  member 
of  the  celebrated  firm  of  Warner  and  Swasey,  makers  of 
mounts  for  large  telescopes  and  of  machine  tools  of  the  highest 
grade,  gave  a  fund  of  several  hundred  thousand  dollars,  the 
income  of  which  was  to  be  used  ''for  the  advancement  of  arts 
and  sciences  connected  with  engineering  and  for  the  benefit 
of  mankind."  The  income  of  this  fund  has  been  given  in 
small  amounts  to  various  engineering  investigations  by  the 
Engineering  Foundation,  which  is  the  body  organized  to  ad- 
minister the  fund.  Last  spring  the  governing  board  of  the 
Engineering  foundation  (of  which  Dr.  W.  F.  M.  Goss,  former 
dean  of  the  college  of  engineering  is  a  member)  decided  that 
it  would  be  advisable  to  give  the  bulk  of  the  income  for  the 
support  of  one  major  research,  and  they  asked  the  National 
Research  Council,  a  body  organized  to  coordinate  war-time 
scientific  research,  to  recommend  some  piece  of  research  to  be 
supported. 

During  the  war  the  National  Research  Council  had  organ- 
ized a  committee  to  study  the  failure  of  crank  shafts  of  air- 
plane engines,  of  welded  ship  plates,  and  of  other  metal  parts 
of  machines  under  the  repeated  loads  applied  to  them  in 
service.  The  Committee  on  Fatigue  Phenomena  in  Metals 
Avas  the  somewhat  formidable  title  of  the  committee.  The 
chairman  of  that  committee  was  Prof.  H.  F.  Moore  of  the 
department  of  Theoretical  and  Applied  Mechanics,  and  dur- 
ing the  war  and  afterward  some  small  pieces  of  research  work 
were  carried  out  under  the  auspices  of  the  committee,  mainly 
in  the  materials  testing  laboratory  of  the  college  of  engineer- 
ing of  the  University  of  Illinois  by  the  chairman  of  the  com- 
mittee, and  by  W.  J.  Putnam,  and  A.  G.  Gehrig.  The 
National  Research  Council  recommended  that  the  bulk  of  the 
income  of  the  Engineering  Foundation  be  given  to  the  support 
of  an  extensive  investigation  of  the  resistance  of  metals  to 
fatigue  under  repeated  loading,  and  that  Professor  Moore  be 
asked  to  take  charge  of  the  investigation. 

This  suggestion  was  followed  and  the  formal  arrangements 
have  just  been  completed  for  the  active  prosecution  of  this 
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work,  with  headquarters  and  a  laboratory  at  the  University 
of  Illinois.  The  financial  support  for  the  investigation  will 
amount  to  $30,000,  and  the  investigation  is  expected  to  extend 
over  a  period  of  two  years.  Material  for  study  and  apparatus 
is  already  arriving,  and  a  room  is  being  fitted  up  for  the 
installation  of  the  score  or  more  of  special  testing  machines 
which  will  be  required  for  the  investigation. 

The  investigation  is  under  the  joint  auspices  of  the  Engi- 
neering Foundation,  the  University  of  Illinois  Engineering 
Experiment  Station,  and  the  National  Research  Council,  the 
last-named  body  being  represented  by  an  advisory  committee 
of  nine  members,  of  which  Professor  Moore  is  chairman.  In 
addition  to  the  funds  supplied  by  the  Engineering  Founda- 
tion, the  University  furnished  Professor  Moore's  services, 
light,  heat,  power,  a  laboratory  room,  and  the  use  of  the 
standard  testing  equipment  of  the  materials  testing 
laboratory. 

The  investigation  is  one  of  the  most  important  ever  under- 
taken by  the  Engineering  Experiment  Station.  The  fund 
available  is  the  largest  ever  devoted  to  a  single  engineering 
investigation  at  Illinois,  and  one  of  the  largest  ever  devoted  to 
any  investigation  at  the  University.  The  sudden  failure  of 
crank  shafts,  axles,  and  springs  is  all  too  common  in  automo- 
biles, railway  equipment,  and  machinery  in  general;  and  the 
ability  of  the  new  high-strength  steels  to  resist  repeated  load- 
ing needs  much  more  study.  The  problem  is  one  of  national 
interest  and  the  September  27  issue  of  the  Literary  Digest 
gave  a  summary  under  the  title  ''Tired  Metals,"  of  a  recent 
lecture  by  Professor  Moore  on  the  subject. 

The  State  University  of  Iowa. — I  think  perhaps  it  is  worthy 
of  note  that  the  College  of  Applied  Science,  which  is  the  engi- 
neering college  of  the  State  University  of  Iowa,  has  taken 
what  it  thinks  to  be  a  step  in  advance  toward  the  devotion  of 
the  four-year  college  course  in  engineering  to  the  development 
of  the  fundamentals  of  the  profession  of  engineering  as  dis- 
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tinguished   from   the   development  of  specialists   in   one   or 
another  branch  of  engineering. 

The  college  offers  five  distinct  courses,  namely  courses  in 
Civil  Engineering,  Mechanical  Engineering,  Electrical  Engi- 
neering, Chemical  Engineering  and  Chemistry.  These  are  all 
four-year  courses  except  the  course  in  Chemical  Engineering, 
which  is  a  five-year  course. 

By  action  of  the  faculty  last  year,  which  action  was  put  into 
effect  this  year  for  the  first  time,  the  first-year  work  in  the 
four  engineering  courses  is  alike  and  the  civil,  electrical,  and 
mechanical  courses  differentiate  only  in  the  senior  year  and 
then  only  to  the  extent  of  twenty  of  the  thirty-four  semester 
hours  constituting  the  yearns  work. 

All  students  in  these  courses  receive  the  same  instruction 
in  the  ordinary  fundamentals  of  mathematics,  chemistry, 
drawing,  shop  work,  surveying,  physics,  descriptive  geometry, 
mineralogy  and  geology,  mechanics,  materials  of  engineering, 
hydraulics,  machine  design,  stresses  in  static  structures,  steam 
engine,  the  generation,  transmission  and  delivery  of  electric 
power. 

They  also  receive  the  same  instruction  in  economics,  ac- 
counting, business  law,  English  and  metallurgy. 

In  the  senior  year  special  work  in  surveying  and  railroad 
surv^eying,  structural  engineering,  road  engineering  and  sani- 
tary engineering  is  given  to  civil  engineering  students. 
Special  work  in  the  theory  of  electricity,  electro-chemistry, 
telephone  and  telegraph,  illumination,  dynamo  design  and 
power  plant  engineering  is  yiven  to  electrical  engineering 
students.  Special  instruction  in  shop  work,  heat  engines, 
engine  design,  heating  and  ventilating  and  power  plant  design 
is  given  to  mechanical  engineering  students. 

Pennsylvania  State  College. — The  new  machine  and  forge 
shop  building  was  informally  dedicated  on  the  evening  of 
November  25,  just  a  year  after  the  date  when  the  old  indus- 
trial shops  were  destroyed.  Since  that  time  a  new  building 
devoted  to  wood-working  has  been  completed  and  equipped 
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with  the  most  modern  machinery  and  a  second  building  for 
metal-working. 

A  third  building  will  be  in  use  at  the  beginning  of  the 
second  semester  and  will  contain  the  testing  materials  labora- 
tory, the  highway  and  masonry  laboratories,  the  offices  and 
recitation  rooms  of  the  Department  of  Mechanics  and  Ma- 
terials of  Construction.  Each  of  the  buildings  above  men- 
tioned is  three  stories  in  height  and  two  of  them  have  base- 
ment floors. 

The  new  Mechanical  Engineering  Laboratory  has  been 
started  and  its  completion  is  promised  in  time  to  receive  the 
new  equipment  before  College  opens  next  September.  The 
new  building  will  be  60  feet  by  165  feet  with  a  basement  for 
condensing  apparatus  and  a  gallery  floor  for  lighter 
equipment. 


PITTSBURG  SECTION  OF  THE  SOCIETY  FOR  THE 
PROMOTION  OF  ENGINEERING  EDUCATION. 

First  Regular  Meeting. — Wednesday  evening,  December  3, 
1919,  8  P.M.,  at  the  University  Club.  (Take  Fifth  Avenue 
car  and  get  off  at  Bigelow  Boulevard.  The  Club  is  on  Bigelow 
Boulevard  between  the  Syria  Mosque  and  the  Pittsburgh 
Athletic  Association.) 

Engineers,  employers  of  engineers,  teachers  of  engineers, 
and  all  others  interested  in  engineering  education  are  invited. 

General  topic  for  the  1919-1920  meetings:  "How  Can  the 
Education  of  Engineers  be  Improved?" 

Special  topic  for  the  first  meeting:  "What  Are  the  Chief 
Defects  in  the  Product  of  Engineering  Schools?" 

Speakers:  Mr.  B.  F.  Groat,  Aluminum  Company  of 
America,  15  minutes ;  Mr.  D.  F.  Crawford,  Locomotive  Stoker 
Company,  15  minutes;  Mr.  Carl  S.  Coler,  Westinghouse  E.  & 
M.  Company,  15  minutes. 

General  discussion:  Limited  to  three  minutes  to  each 
speaker. 
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Special  discussion:  "What  Defects  are  Properly  Charge- 
able to  the  Engineering  Schools?"  F.  L.  Bishop,  dean, 
School  of  Engineering,  University  of  Pittsburgh,  10  minutes. 
"What  Defects  Can  the  School  Hope  to  Remedy?"  W.  E. 
Mott,  dean,  School  of  Applied  Science,  Carnegie  Institute  of 
Technology,  10  minutes. 

P.  M.  DysART,  Chairman. 
L.  H.  Harris,  Secretary. 
University  of  Pittsburgh. 


BOOK  REVIEW. 

Geodesy. — By  George  L.  Hosmer.  John  Wiley  and  Sons, 
Inc.  1st  Edition,  377  pages,  6X9,  115  cuts,  cloth,  $3.50 
net. 

Contains  considerable  more  information  than  could  be 
covered  in  class  in  the  time  usually  available  for  such  work. 
Has  a  large  number  of  excellent  cuts  of  the  various  instru- 
ments and  apparatus  used  in  geodetic  work.  The  chapter  on 
astronomical  observations  is  not  in  sufficient  detail  for  teach- 
ing purposes.  It  assumes  a  general  knowledge  of  astronomy 
and  the  ordinary  methods  of  determining  time,  latitude,  and 
azimuth.  It  includes  a  chapter  on  the  determination  of  the 
earth's  figure  by  means  of  gravity  measurements.  Devotes 
forty-six  pages  to  an  introduction  to  the  method  of  least 
squares  and  the  adjustment  of  observations  by  that  method. 

L.  W.  McI. 


MATHEMATICAL  COMMITTEE  SOON  TO  ISSUE 
PRELIMINARY  REPORT.* 

A  preliminary  report  on  ''The  Reorganization  of  Intro- 
ductory Courses  in  Mathematics  in  Secondary  Schools"  will 
shortly  be  issued  by  the  National  Committee  on  Mathematical 
Requirements. 

•  School  Life,  Vol.  Ill,  No.  10. 
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This  report  has  been  prepared  by  a  representative  subcom- 
mittee. It  has  not  as  yet  been  considered  by  the  national  com- 
mittee, but  its  publication  as  a  basis  for  discussion  by  teach- 
ers' organizations,  committees,  and  local  groups  has  been 
authorized. 

A  report  on  ' '  The  valid  aims  and  purposes  of  the  teaching 
of  mathematics  in  the  light  of  recent  criticisms"  will,  it  is 
hoped,  be  ready  for  distribution  by  January.  In  it  an  at- 
tempt will  be  made  to  state  precisely  and  succinctly  the  mathe- 
matical training  that  every  citizen  should  secure.  The  find- 
ings of  this  report  can  then  be  made  a  basis  for  the  determina- 
tion of  precisely  what  and  how  much  mathematics  should  be 
required  of  all  students. 

An  extended  investigation  of  "Experimental  schools  and 
courses"  is  being  undertaken  for  the  committee  by  Mr. 
Raleigh  Schorling  of  the  Lincoln  School.  Detailed  plans  for 
this  investigation  were  approved  by  the  national  committee 
at  its  last  meeting  in  New  York  City  on  November  1. 

Mr.  J.  A.  Foberg  is  preparing  a  report  on  "Mathematics 
in  junior  high  schools." 

Prof.  A.  R.  Crathorne  has  recently  submitted  a  report  giv- 
ing the  results  of  his  investigation  of  "  Change  of  mind  be- 
tween high  school  and  college  as  to  life  worii."  Professor 
Crathorne  is  at  work  on  an  extended  investigation  entitled 
"A  critical  study  of  the  correlation  method  as  applied  to 
grades. ' ' 

A  statement  of  general  principles  to  govern  the  proposed 
revision  of  college  entrance  requirements  has  been  tentatively 
approved  by  the  committee.  This  statement  has  been  sent  out 
to  some  fifty  representative  colleges  and  universities  for  their 
criticism  and  comment. 

The  committee  has  sent  letters  to  all  teachers'  organizations 
having  mathematical  interests,  of  which  it  has  been  able  to 
learn,  asking  their  cooperation  and  offering  the  assistance  of 
the  committee. 
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ON  MOTIVATION. 

BY  W.  K.  HATT, 

Professor  of  Civil  Engineering,  Purdue  University. 

The  writer  will  endeavor  to  summarize  the  recent  views 
upon  the  subject  of  motivation,  and  the  methods  of  teaching 
that  are  expected  to  motivate  the  student. 

Someone  at  the  Baltimore  meeting  asked  the  meaning  of 
*' motivation."  The  reply  was  that  motivation  is  what  the 
student  in  the  class  in  gunnery  had  the  day  before  the  armis- 
tice, and  what  he  did  not  have  the  day  after.  It  is  the  purpose 
that  energizes  a  senior  when  given  a  real  job,  as  in  a  thesis, 
different  from  the  unreal  and  partial  exercises  or  patterns  of 
his  routine  w^ork.  It  is  what  turns  a  careless  youth  into  a 
serious,  efficient,  forward-looking  man  when  he  has  a  wife 
and  family  to  support. 

It  is  not,  however,  the  purpose  of  this  article  to  discuss 
these  generalities,  but  rather  the  changes  in  curricula  and  in 
methods  of  teaching,  proposed  to  secure  motivation. 

The  Motivated  Teacher. — ^The  teacher  himself  should  be 
motivated.  He  should  not  settle  down  to  a  routine  job  in 
which  he  is  not  interested. 

"What  keeps  teachers  at  their  work  is  less  mainly  their 
interest  in  the  routine  of  teaching  and  the  tools  of  instruction 
than  the  liking  for  this  art.  Paul  Bourget,  in  ''L'Etape,"  a 
novel  marked  hy  unusual  elevation  and  nobility  of  thought, 
has  described  a  teacher  of  social  science,  a  man  of  enthusiasm 
for  things  of  the  mind,  and  he  comments  on  the  function  of 
the  educator  as  follows: 

"un  vrai  professeur  tel  que  celui-la,  un  de  ces  accoucheurs  d'esprits, 
possed^s  par  la  passion  du  talent  jeune.  Les  6ducateurs  de  grande  race 
6prouvent,  a  discerner  dans  un  ecolier  de  dix-sept  ans  les  premiers  linea- 
ments de  la  superiority  future,  des  emotions  d 'inveniteurs  et  d 'artistes. 
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Pr^ciser,  hater  rachi^vement  tie  cette  ebauche,  conspirer  a  1 'Plosion  de 
cette  noble  fleur  humaine,  s'associer  &  ce  miracle:  la  formation  d'une 
ibelle  intelligence,  telles  sent  les  d^lices  de  ces  maitree,  qui  demeurent  le 
plus  souvent  anonymes. ' ' 

The  writer  ventures  to  translate  freely  this  psissage: 

*'.  .  .  a  real  professor  such  as  this,  one  of  the  mid-wives  of  intelli- 
gence, filled  with  a  passion  for  budding  talent.  Teachers  of  high  type 
seek  in  a  scholar  of  seventeen  years  the  first  features  of  a  future  super- 
iority, the  emotions  of  inventors  and  artists.  To  make  these  precise,  to 
hasten  the  completion  of  this  rough  sketch,  to  plan  for  the  opening  of 
this  noble  human  flower,  to  associate  themselves  with  this  miracle, 
namely,  the  forming  of  a  beautiful  intelligence — these  are  the  delights 
of  those  masters  who  remain  most  often  anonymous. ' ' 

This  quality  of  inspiration  which  kindles  the  divine  spark 
into  flame,  is  the  possession  of  a  great  teacher.  He  may  he 
late  for  his  classes,  a  poor  bookkeeper,  or  drill  master,  but  if 
he  has  this  quality  and  a  human  sympathy,  his  students  will 
rise  and  call  him  blessed. 

But  the  teacher  may  also  be  motivated  by  research  either 
in  the  field  of  the  physical  sciences,  or  in  his  own  field  of 
teaching.  Freedom  from  prejudice,  and  willingness  to  follow 
the  truth,  qualities  associated  with  research,  are  of  high  edu- 
cational value  and  should  be  part  of  the  equipment  of  the 
teacher.  A  life  of  unmixed  schoolteaching  is  quite  generally 
deadening. 

Motivation  of  the  Student. — The  motivation  of  the  stu- 
dent is  proposed  either  by  (1)  the  so-called  ''direct"  method 
of  teaching,  which  proceeds  from  principles  to  application, 
or  by  (2)  the  so-called  "situation"  method,  which  uncovers 
principles  by  an  analysis  of  several  real  situations. 

The  first  method  uses  deductive  logic,  as  in  mathematics. 
The  student  follows  patterns  of  thought,  abstract  in  nature, 
that  have  served  well  for  so  many  generations.  Under  this 
method,  the  desire  to  accomplish  a  difficult  task,  and  the 
delight  in  the  exercise  of  mental  powers  are  certainly  suffi- 
cient motives  for  many  students.  A  clear  statement  of  the 
end  to  be  sought,  and  an  explanation  of  the  bearing  of  the 
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task  upon  some  future  purpose  of  the  student,  will  serve  for 
others. 

Writing  on  *'The  Natural  Method  of  Teaching/*  in  the 
Bulletin  of  this  society  for  November,  1916,  Mr.  Sanford 
]\Ioss,  of  the  General  Electric  Company,  insists  that  there 
must  always  be  a  clear  statement  of  the  purpose  in  order  to 
sustain  the  interest  of  the  student.  Mr.  Moss  cites  the  books 
of  Euclid,  where  a  complete  statement  of  the  result  to  be 
reached  was  given  at  the  beginning  of  the  demonstration,  while 
at  the  end  comes  the  famiiliar  Q.E.D. 

Mr.  IVIoss  has  given  a  clear  statement  of  the  second  or 
''situation"  method,  and  he  goes  as  far  as  more  recent 
writers  in  rearranging  the  sequences  of  studies,  in  teaching 
through  situations,  in  approaching  the  abstract  from  the  con- 
crete. His  article  seems  to  have  attracted  but  little  attention, 
but  it  defines  the  question  at  issue. 

The  center  of  the  ideas,  back  of  the  second  method,  asso- 
ciated with  the  name  of  Dr.  Mann,  is  simply  this:  that  ab- 
stract principles  should  be  reached  and  organized  through  an 
analysis  of  real  situations,  that  is  to  say,  through  situations 
to  which  are  attached  all  of  those  circumstances,  which  are 
considered  by  an  engineer  or  other  person  who  must  reach  a 
decision  in  the  face  of  these  circumstances.  A  set  of  prin- 
ciples is  uncovered  by  approaches  from  several  situations. 
In  other  words,  we  go  from  multiplicity  to  unity,  a  much 
more  difficult  method,  demanding  a  very  skillful  teacher  in 
order  to  insure  coordinations  on  the  backward  path. 

In  the  bulletin  of  the  society  cited  above.  Dr.  Mann  sum- 
marizes his  investigations  of  engineering  schools  under  the 
auspices  of  the  Carnegie  Foundation.  One  of  his  first  con- 
clusions was  that  instruction  should  not  only  develop  tech- 
nique and  mastery  of  principles,  but  also  integrity,  initiative, 
resourcefulness,  and  common  sense.  He  is  also  struck  with 
the  fact  that  so  many  young  men  with  pronounced  engineer- 
ing talent  are  unable  to  make  good  in  the  engineering  schools. 

He  questions  the  method  of  presenting  the  subject  matter 
in  schools  as  determined  by  the  teacher's  conception  of  log- 
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ieal  rigor  and  theoretical  unity,  and  inquires  if  some  study 
should  not  be  given  to  the  problem  of  more  efficient  methods 
through  which  students  could  accomplish  their  work,  just  as 
industrial  managers  study  the  methods  by  which  the  indi- 
vidual worker  can  best  perform  his  task. 

The  success  of  Professor  More,  of  the  University  of  Wash- 
ington, in  teaching  mechanics  led  Dr.  Mann  to  ask:  Why  not 
give  real  problems  first  instead  of  abstractions?  It  appeared 
to  him  that  the  task  required  of  the  student  was  not  too  hard, 
but  the  preparation  was  so  abstract  in  character  that  there 
was  little  connection  in  the  student's  mind  'between  the 
preparation  and  the  task.  Dr.  Mann  thought  if  the  job  that 
a  man  had  to  do  was  understood  by  him,  the  preparation 
would  have  more  meaning  and  would  be  undertaken  in  a 
better  spirit.     He  thought  the  work  should  be  more  concrete. 

Mr.  ]\Ioss,  in  his  article  cited  above,  would  cast  off  the 
chain  by  which  most  colleges  bind  themselves;  as  for  instance, 
that  a  pupil  cannot  take  calculus  until  he  has  analytical 
geometry;  mechanics  until  he  has  had  calculus;  and  machine 
design  until  he  has  had  mechanics.  Mr.  Moss  thinks  that  the 
necessity  for  such  succession  is  purely  imaginary.  Instead  of 
working  out  formulas  for  stresses  in  beam.s  before  the  pupil 
knows  what  a  beam  is  and  the  use  of  the  formulas,  he  would 
work  in  machine  design  with  arbitrary  formulas  and  later  on, 
go  through  the  process  of  derivation.  So,  therefore  he  pro- 
poses the  use  of  the  principles  first  and  the  development 
afterwards. 

The  subject  of  motivation  became  increasingly  important 
during  the  war.  The  theory  of  the  American  Army  was  that 
the  soldier  should  have  an  intelligent  idea  of  what  he  is 
fighting  for. 

The  vocational  detaclunents  at  the  training  schools  were 
taught  by  the  job  sheet  method.  A  series  of  jobs  or  opera- 
tions of  graded  difficulty  were  arranged — as  in  auto-mechan- 
ics, surveying,  concrete  construction,  blacksmithing,  etc.  For 
each  job  a  ''job  sheet"  was  prepared.  The  thing  to  be  done 
was  definitely  stated  and  limited.     Then  followed  a  series  of 
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development  questions  to  accompany  the  performance  of  the 
job.  These  were  not  like  examination  questions  to  be  an- 
swered after  the  event.  Rather,  they  were  an  analysis  of 
the  job,  and  accompanied  its  performance.  Each  one  called 
for  a  decision  by  the  student  on  the  basis  of  the  developing 
circumstances  of  the  job,  or  by  reference  to  information  in  a 
text.  The  instructor  was  to  do  as  little  lecturing  as  possible, 
and  not  to  answer  the  questions  for  the  student.  The  sol- 
diers were  not  to  advance  through  the  shop  courses  in  com- 
panies, but  rather  to  infiltrate  the  subject.  Each  one  went 
as  far  as  he  could  and  was  so  certified.  It  will  be  seen  below 
that  this  method  of  teaching,  arranged  for  a  rather  simple 
variety  of  instruction,  was  followed  in  its  essence  at  the 
Engineering  School  for  Army  Officers  at  Camp  Humphreys. 

A  course  of  lectures  in  War  Aims  was  arranged  to  motivate 
the  soldier.  Here  the  teaching  of  history  was  from  modern 
times  backward — "starting  a  student  where  he  is,"  a  phrase 
attributed  to  Benjamin  Franklin. 

The  work  of  Professors  More  and  Duckering  in  teaching 
mechanics  at  the  University  of  Washington  by  the  situation 
method  is  well  known  and  has  been  thoroughly  described  in 
the  Bulletins  of  this  society.  In  the  course  of  events  these 
teachers  were  detailed  to  the  Engineer  School  at  Camp 
Humphreys,  where  the  young  officers  graduated  from  West 
Point  after  two  years  of  attendance,  were  to  be  taught  the 
engineering  courses.  There  came  about  an  opportunity  to 
try  out  the  situation  method  on  a  large  scale,  not  only  in 
mechanics,  but  in  the  engineering  courses. 

In  June,  1919,  the  Engineer  School  was  surveyed  by  a 
group  of  educators.  The  operations  and  courses  were  re- 
ported upon  in  a  pamphlet  published  by  the  Committee  on 
Education  and  Special  Training  of  the  War  Department, 
entitled  ''The  Engineer  School  at  Camp  Humphreys."  This 
report  should  be  read  by  all  those  interested.  The  reporters 
analyzed  the  methods  of  More  and  Duckering  in  teaching 
mechanics,  and  the  process,  as  far  as  the  student  is  con- 
cerned, appears  in  the  table  below. 
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Chart  Indicating  Relationship  between  Type  of  Instruction  and 

Preliminary  Purpose  in  Course  in  Mechanics  of  Engineering 

School,  Camp  A,  A.  Humphreys,  Virginla. 


The  Student. 

-  -  -^yia--.—.  ■ ■  :r= 

Subject  Matter. 

Interest  aroused  and  maintained  by 
contact   with    Engineering    Situa- 
tions. 

Independent  thought  and  judgment 
stimulated  by  analysis  of  raw  prob- 

Motivation. 
Project  or  Problem. 

The  Setting. 
A  concrete  engineer- 
ing situation. 

As  a  whole. 

lems. 

In  part. 

Effective    Habits     of    work    and 
study,  and 

The  Analysis. 

Process. 

Practical  uses  of  working  tools  es- 
tablished. 

Working  Tools. 

Acquaintance    with     Fundamental 
P*rinciples  and 

Principles. 

Basic. 

Knowxedqe  of  their  relations  to  so- 
lution of  Problems. 

Derived. 

Coordination  and  Fixation  of  ideas,  iRules,  Formulas,  References,  Data,  Text. 


Outlook. 

Expectancy  concerning  future  studies. 


Deferred  Analysis. 


Advanced  Theory  and  Research. 


The  student  is  taken  to  a  bridge,  for  instance,  and  the 
necessity,  use  and  practice  of  mechanical  analysis  based  upon 
this  real  situation. 

The  distinctive  feature  of  the  engineering  courses  such  as 
foundations,  roads  and  bridges  is,  that  in  each  course  there  is 
a  major  problem  with  related  minor  problems  constituting  a 
framework  upon  which  the  student  hangs  the  subject  matter 
of  the  text.  The  major  problem  is  a  complete  structure  that 
the  student  is  to  design,  or  an  engineering  project  that  must 
be  reported  upon.  A  complete  description  of  the  situation  is 
given  and  the  controlling  conditions  are  to  be  determined. 
In  his  report  the  student  is  required  to  make  decisions,  and 
is  thrown  back  to  the  text  for  information,  theories,  or  prin- 
ciples, that  control  the  decision.  For  this  purpose  the  major 
problem  is  further  analyzed  into  a  number  of  minor  problems 
that  are  related  to  the  whole  project,  and  serve  to  keep  the 
student's  interest  alive,  and  to  guide  him  in  the  necessary 
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degree  in  the  sequence  of  the  necessary  decisions.  The 
development  questions  are  used  as  in  the  job  sheets  for  the 
vocational  work.  Sketches  rather  than  detailed  drawings  are 
made  by  the  student.  Each  subject  is  studied  intensively 
for  about  6  weeks.  Mechanics  and  mathematics  precede 
these  courses. 

At  Purdue  University  the  writer  had  modified  his  methods 
in  certain  senior  courses  in  concrete  construction  along  the 
lines  of  the  Camp  Humphrey  report  with  very  satisfactory 
results.  The  text-book  is  Hool  and  Johnson's  ** Concrete 
Engineers  Handbook."  The  students  are  confronted  with  a 
concrete  retaining  wall  that  has  not  hardened,  and  of  which 
the  history  of  the  materials  and  the  manufacture  are  known. 
A  letter  from  an  attorney  asks  for  a  report  as  to  the  probable 
cause  of  failure,  and  states  that  the  report  must  be  substan- 
tiated in  court.  The  materials  are  tested;  the  entire  field  of 
materials  in  the  text  is  searched  for  possible  causes,  and  with 
a  purpose  in  view ;  records  must  be  clear  and  the  report  plain 
to  a  layman;  personal  responsibility  is  felt. 

Su€h  courses  must  not  be  improvised;  indeed  they  require 
the  most  careful  planning,  and  close  contact  with  the  student. 

Another  proposal  leading  to  motivation  is  a  series  of  so- 
called  vestibule  courses  for  freshmen.*  The  freshmen  are  to 
be  divided  into  small  groups.  Each  group  accomplishes 
several  engineering  projects  throughout  the  year  under  one 
instructor.  For  instance  the  student  is  furnished  a  topo- 
graphical map  of  a  dam,  reservoir  site  and  power  house.  He 
reads  this  map,  learns  the  purpose  of  the  dam,  and  its  appur- 
tenances. He  calculates  the  'wa;tershed,  the  volume  of  the 
reservoir,  its  center  of  gravity,  the  power  factors,  and  so  on 
to  the  delivery  of  the  power.  In  this  way  the  operations  of 
simple  mechanics,  mathematics  and  the  conceptions  of  physics 
are  attached  to  an  interesting  situation.  They  have  more 
meaning  to  the  student  and  are  more  firmly  grasped.     The 

*  The  writer  understands  that  these  have  been  put  in  operation  at 
Tufts  College. 
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too  great  abstraction  of  the  freshmen  and  sophomore  year 
are  avoided. 

These  courses  also  serve  to  orient  a  freshmen  who  has  only 
a  vague  idea  of  the  work  of  an  engineer. 

There  are  not  wanting  those  who  would  break  down  the 
barriers  between  the  separate  departments  of  mathematics, 
physics  and  mechanics  and  teach  them  concurrently  as  parts 
of  a  whole  problem. 

To  determine  what  method  to  use  and  when  to  use  it,  we 
need  a  direct  trial  of  the  relative  efficiency  of  the  pr  posed 
methods,  and  the  standard  methods,  made  upon  different 
groups  of  students,  whose  mental  status  is  known  in  advance 
from  intelligence  tests.  One  group  should  consist  of  men  of 
quick  apprehension,  such  as  are  now  signalized  by  such  tests 
as  that  for  ''engineering  aptitude,"  and  another  group 
should  consist  of  men  with  a  slower,  but  more  logical  and 
tenacious  mentality.  With  the  raw  material  classified,  the 
appropriate  tools  may  be  selected  to  fit  the  material.  And 
the  art  of  the  "bom"  teacher  may  become  the  science  of  his 
less  fortunate  colleague.  Teaching  might  become  a  profes- 
sion,, and  not  a  stepping  stone  to  business,  administration,  or 
marriage. 

Discussion. — It  appears  then  that  the  aims  of  education 
and  the  methods  of  instruction  that  have  apparently  satisfied 
so  may  generations  are  under  scrutiny  and  criticism.  To 
conservative  teachers,  whose  ideas  and  methods  are  derived 
from  tradition,  some  of  the  recent  proposals  seem  disorgan- 
izing. However,  they  are  voiced  by  an  increasing  number  of 
responsible  educators,  and  must  be  seriously  examined. 

The  teacher  should  take  the  middle  of  the  road  between 
the  over  enthusiastic  individual,  on  the  one  hand,  and,  on 
the  other,  the  blind  reactionary  who  allows  an  organization 
to  hecome  rigid,  the  life  gone  out  of  it,  seeking  a  home  in  a 
new  body. 

Are  we  to  develop  a  product  to  which  measurements  can 
be  applied,  a  mechanism  that  functions  definitely?  Most 
college  teachers  will  not  admit  this  test ;  they  claim  a  certain 
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elevation  of  mental  level,  and  in  proof  point  to  the  future 
progress  of  their  students.  There  is  an  element  of  self- 
persuasion  here,  and  the  results  may  not  be  due  to  the 
teacher. 

Many  teachers  will  deny  that  a  student  needs  the  kind  of 
interest  in  his  studies  that  comes  from  a  conscious,  patent 
plan  of  motivation,  secured  through  the  concrete,  working 
back  from  real  situations.  They  believe  that  this  will  only 
lessen  the  final  power  of  quick  comprehension  and  abstraction 
of  complicated  situations  in  the  case  of  minds  of  high  caliber. 
Pupils  who  must  be  approached  by  methods  variously  re- 
ferred to  as  ''objective,"  "situation,"  "job,"  "by  doing," 
"starting  a  man  where  he  is,"  should,  in  their  opinion,  be 
used  in  vocational  schools  and  not  in  the  university.  This  is 
of  course  an  undemocratic  view. 

It  appears  to  the  writer  that  engineering  work  needs  many 
varieties  of  intelligence.  In  our  technical  schools  we  tend  to 
stress  too  highly  the  mentality  of  the  designer,  and  we  fail 
to  reach  that  student  who  reacts  to  problems  of  construction, 
of  management  of  men — one  indeed  who  so  often  only  reacts 
(to  his  own  disadvantage)  to  the  realities  of  class  axid  stu- 
dent activities,  things  which  President  Wilson  calls  the  side- 
shows. 

In  the  endeavor  to  produce  the  efficiency  that  the  business 
world  demands  of  our  graduates,  our  students  should  not  be 
deprived  of  the  training  of  the  imagination  which  underlies 
the  ability  to  plan,  to  organize,  to  design.  By  imagination  I 
understand  what  Baudelaire  describes  in  his  preface  to  his 
translation  of  Poe's  stories  ("Nouvelles  Histoires  Extra- 
ordinaries")  : 

*  *  L  ^imagination  est  une  faculty  quasi  divine  qui  percoit  tout  d  *aJbord, 
en  dehors  des  m6tliodes  philosophiques,  des  rapports  intimes  et  secrets  des 
choses,  les  corr6spondances  et  les  analogies  .  .  .  un  savant  sans  imagina- 
tion apparait  plus  que  comme  un  faux  savant,  ou  tout  moins  comme  un 
savant  incomplet. '  * 

**Th©  imagination  is  a  faculty  quasi-divine,  wMch  perceives  at  first, 
outside  philosophic  methods,  the  intimate  and  secret  relations  of  things, 
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correspondences   and  analogies  ...  a  savant   without  imagination   ap- 
pears only  a  false  savant,  or  at  least  as  an  incomplete  savant." 

Nor  in  the  endeavor  to  start  a  student  "where  he  is," 
should  he  miss  the  opportunity  to  re-think  the  thoughts  of 
the  master  minds  of  the  past,  and  to  cherish  the  ideal.  If  we 
start  our  courses  in  history  and  philosophy  in  the  confused 
issues  of  the  present  time,  would  the  student  be  likely  to  get 
back  as  far  as  Plato's  "Republic"? 

Finally,  will  the  "discipline"  resulting  from  the  drill  of 
the  freshmen  year,  be  sacrificed  to  the  interest  secured  by  the 
"situation"  method;  and  will  it  be  humanly  possible  to 
secure  the  expert  teachers,  the  small  sections,  demanded  by 
the  latter? 

Conclusion. — The  situation  method  is  a  valuable  tool  for 
teachers.  Its  field  is  yet  to  be  determined.  It  will  retain  in 
the  university  for  further  education  a  variety  of  engineering 
intelligence. 

Recent  Articles  Connected  with  Motivation. 

1.  "The  Engineer  School  at  Camp  Humphrey,"  published 

by  War  Department. 

2.  November,  1916 — "Study  of  Engineering  Education," 

by  C.  R.  Mann.  "The  Natural  Methods  of  Learn- 
ing," by  Sanford  E.  Moss. 

May,  1917 — "Mechanics  of  Engineering  at  University 
of  Washington,"  by  W.  E.  Duckering. 

December,  1918 — "Liberal  Element  in  Engineering  Edu- 
cation," by  G.  F.  Swain. 

February  1919 — "Effect  of  the  War  on  Engineering 
Education,"  by  C.  R.  Mann.  "Training  Required 
for  Engineers,"  by  General  Black. 

May,  1919— "Colleges  and  the  War,"  by  Professor  F.  P. 
McKibben. 

September,  1919— "Reflections  of  a  S.  P.  E.  E.  Presi- 
dent, ' '  by  Director  Hayford. 

October,  1919 — "Problem  Method  at  Engineer  School, 
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Camp    Humphreys,"    by    C.    C.    More    and    W,    L. 
Duckering. 

3.  **  Comments   on   Course  in   Engineering   Meclianies   at 

Engineer  School,"  by  Lieutenant  W.  E.  Duckering. 
Published  by  Engineer  School. 

4.  Proc.  Am,  Soc.  of  C.E.,  Vol.  XLX.,  No.  6,  Report  of 

Delegation  of  American  Engineers. 

Quotations. 

By  Professor  Frank  P.  McKibben   (''The  Colleges  and  the 
War,"  Bulletin,  May,  1919) : 

''He  expects  something  new,  eametMng  better,  than  he  had  at  high 
school.  But  he  finds  he  has  almost  exactly  the  same  subjects  to  study — 
mathematics,  English  or  German,  chemistry  or  physics.  His  enthusiasm 
drops  X  per  cent,  at  the  first  recitation  and  another  x  per  cent,  at  those 
immediately  following  as  he  rushes  from  building  to  building  in  the  hope 
of  finding  something  to  satisfy  his  longing  to  become  an  engineer.*' 

By  General  William  Black  (Discussion,  Bulletin,  February, 
1919,  p.  226) : 

*'Why  teach  arithmetic,  algebra,  trigonometry  and  all  the  rest  sepa- 
rately, and  not  use  all  progressively  as  the  more  intricate  computations 
are  reached,  using  for  each  class  of  problems  the  mathematical  process 
best  suited  for  it?" 

From  the  Report  of  Delegation  of  American  Engineers,  Pro- 
ceedings, Am.  Soc.  C.  E.,  August,  1919 : 

"The  opinion  was  also  expressed  by  the  French  engineers  that  the 
teaching  of  general  studies  and  sciences  in  the  technical  schools  should 
be  practical  and  directed  to  the  needs  of  the  engineer.  The  instruction 
in  mathematics  should  not  be  abstract  and  theoretic,  but  practical  and 
concrete.  The  same  is  true  with  regard  to  instruction  in  languages  and 
other  studies.  This  tendency  is  the  same  that  is  observable  in  many  of 
the  schools  of  the  United  States,  and  they  were  heartily  approved  by  the 
American  representatives. ' ' 

Mr.  John  F.  Hayford  (''Reflections  of  a  S.  P.  E.  E.  Presi- 
ment,"  Bulletin,  September,  1919) : 
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*'I  believe  tliat  an  engineer  needs  intelligence  and  must  use  it, — but 
not  simply  a  particular  kind  of  mechanical  mathematical  intelligence. 

''As  motivation  is  extremely  important  to  our  success  as  educators 
should  we  develop  a  new  motivation  in  the  place  of  the  lost  military 
motivation! 

"Which  should  receive  the  main  emphasis,  specialization  or  general 
education?    The  answer  is,  I  believe,  both,  alternately. 

"Similarly,  there  are  those  who  advocate  strongly  the  presentation  of 
theory  first, — practice,  concrete  examples,  laboratory  work  later.  And 
vice  versa,  there  are  those  who  advocate  always  taking  the  reverse  order, 
the  observation  first  and  the  theory  later.  Are  they  not  both  partly 
wrong  and  partly  right?  Does  not  the  man  proceed  normally  and  most 
effectively  by  alternating  the  two  in  rather  short  periods?" 

"The  engineer's  greatest  service  is  based  largely  on  his  ability  to  see 
the  things  that  are  not  obvious,  to  see  the  possible  advances  that  are  but 
obscurely  indicated,  to  see  in  the  blueprint  and  the  description  that  which 
is  a  possible  future  fact  worth  while." 

"The  greatest  defect  in  our  educational  system  at  present  is  the  lack 
of  vocational  training." 

Dr.  C.  R.  Mann  ("Effect  of  War  on  Engineering  Education," 
Bulletin,  December,  1918)  : 

"The  War  Department's  experience  with  training  soldiers  shows  that 
first  essential  of  effective  teaching  is  a  clear  definition  of  the  result  de- 
sired. 

"The  conclusion  of  psychologists  agrees  with  the  experience  of  the 
war  instruction  that  knowledge  is  always  specific  and  is  developed  best 
by  mastery  of  specific  tasks. 

Dr.  C.  R.  Mann  (Discussion,  Bulletin,  February,  1919,  p. 

214)  : 

"That  is,  those  who  thought  that  the  solution  of  education  consisted 
in  putting  the  real  and  practical  before  the  theoretical,  and  others  be- 
lieved the  theoretical  should  go  first.  I  have  now  reached  the  conclusion 
that  it  does  not  make  any  particular  difference,  provided  the  boys  want 
to  do  it.  The  fundamental  point  is  to  get  the  boys  to  want  to  do  it. 
Sometimes  it  is  advantageous  to  go  from  the  theoretical  to  the  practical 
application  and  sometimes  from  the  practical  application  to  the  theory, 
all  depending  upon  the  skill  of  the  teacher;  in  the  individual  it  does  not 
produce  the  effect  if  the  boys  really  want  to  do  it. ' ' 

Professor  G.   F.   Swain    (** Liberal  Element  in  Engineering 
Education,"  Bulletin,  December,  1918) : 
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*'Tlie  eubjeot  of  tMs  paper  is  mainly  motivation^  or  by  doing  work 
with  a  distinct  motive,  gained  by  being  able  to  see  what  is  being  done, 
the  need  and  use  and  application  of  it,  which  is  only  possible,  if  my 
view  is  correct,  if  it  can  be  related  to  experience, 

*'No  effective  results  will  follow  unless  the  student  is  interested  and 
sees  the  value,  use,  and  application  of  What  he  studies. 

*'The  difficulty  is  that  in  the  study  of  these  subjects  the  student  may 
not  be  able  to  relate  them  to  his  experience,  that  is,  his  work  is  not 
motivated,  and  so  he  achieves  small  results. 

*  *  The  main  object  of  the  instruction  should  be  to  teach  the  students  to 
think  for  themselves.  The  instruction  should  be  concrete  and  practical, 
rather  than  abstract  and  theoretical,  and  should  be  accompanied  by  prac- 
tice in  the  application  of  the  subjects  studied." 

Rev.  Edward  Mewburn  Walker,  Queens  College,  Oxford  (Ad- 
dress, Bulletin,  January,  1919)  : 

"For  what  we  claim  there  is  this,  that  the  student  shall  be  allowed  to 
study  that  subject  which  appeals  to  him;  not  up  to  certain  points  but 
up  to  any  points  he  pleases,  and  he  shall  situdy  it  in  such  a  way  as  to 
clear  his  mind  so  to  give  him  power  of  thought,  of  criticism,  of  infer- 
ence; in  a  word,  to  give  him  a  better  mind,  a  better  instrument  than  he 
started  with. 

* '  Now,  the  great  gifts  the  situdy  of  the  humanities  can  impart,  besides 
this  general  gift  of  thinking,  are  the  gifts  of  imagination  and  sympathy. 

"For  that  quality  of  leadership  is  needed  quite  clearly  these  two  gifts 
of  'imagination  and  sympathy. ' ' 

Dr.  John  Joly,  University  of  Glasgow  (Address,  Bulletin, 
January,  1919)  : 

*'The  difference  between  the  student  who  can  rely  upon  his  mathe- 
matics and  who  knows  how  to  state  his  problem  in  proper  form  so  as  to 
apply  mathematics  to  it,  and  the  student  helplessly  going  about  to  get 
somebody  else 's  brain  to  help  him  out  of  his  difficulties  is  enormous.  To 
my  mind,  that  constitutes  the  difference  between  the  good  engineer  and, 
speaking  generally,  the  second  rate  engineer;  I  do  not  say  it  is  always 
the  case,  but  in  general  that  is  the  case. 

Shakespeare  ('Taming  of  the  Shew,"  Act  I.,  Sc.  I.,  Line  40) : 

'*In  brief,  sir,  study  what  you  most  affect. '^ 
Rabelais  C'Gargantua,"  Ivii)  : 

*^Paifi  ce  que  voudras. ^'    '*Do  what  you  wish." 
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CLOSER  COOPERATION  OF  THE  COLLEGES,  U.  S. 
BUREAU  OF  MINES,  AND  INDUSTRIAL  COR- 
PORATIONS IN  RESEARCH 
INVESTIGATIONS.* 

BY  E.  A.  HOLBROOK, 

Superintendent,  Pittsburgh  Station,  Bureau  of  Mines. 

A  part  of  the  Organic  Act  of  the  Bureau  of  Mines  charges 
it  with  the  furtherance  of  safety  in  the  mining  industry; 
making  investigations  for  the  prevention  of  waste,  promoting 
economic  development  and  conservation  of  the  mineral  re- 
sources, investigating  utilization  of  mineral  fuels;  and  the 
dissemination  of  the  information  obtained.  How  better  can 
this  be  carried  out  than  by  close  cooperation  by  the  bureau 
with  the  colleges  and  the  industrial  corporations?  The  col- 
lege is  the  proper  place  for  the  training  of  men  to  carry  on 
the  research  work,  and  the  Bureau  of  Mines  an  official  agency 
for  conducting  general  commercial  research,  especially  in 
those  fundamental  problems  the  solution  and  application  of 
which  is  to  benefit  the  whole  mining  industry;  or  those  prob- 
lems the  solution  of  which  is  of  so  expensive  a  nature  or  of 
such  general  application  that  a  single  corporation  cannot,  as 
a  financial  business  concern,  afford  the  time  and  money  neces- 
sary. Finally,  the  research  itself  must  concern  and  be  of 
benefit  to  the  mining  companies  and  industrial  corporations  or 
to  the  men  employed  by  them.  It  is  through  the  business 
world  that  practical  modification  and  application  of  ideas  and 
processes  which  have  been  developed  by  the  other  agencies 
must  be  put  into  application. 

A  government  investigational  bureau  may  adopt  one  of  two 

*  Presented  at  National  Conference  of  Schools  of  Mines  of  the  Amer- 
ican Mining  Congress,  St.  Louis,  Mo.,  November  17-22,  1919.  Pub- 
lished by  permission  of  Director  of  Bureau  of  Mines. 
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policies  in  its  development.  It  may  pick  out  a  central  loca- 
tion, concentrate  its  staff,  buildings,  equipment  and  energies 
there  and  become  the  recognized  center  for  its  special  line  of 
work,  and  to  which  colleges  or  corporations  may  come  for 
cooperation,  assistance  and  advice;  or,  on  the  other  hand,  it 
may  establish  central  administrative  headquarters  only  and 
distribute  its  personnel  and  equipment  in  separate  stations 
throughout  the  country.  This  policy  leads  to  an  especially 
intimate  contact  with  local  institutions  and  problems  and 
keeps  it  in  close  touch  with  the  actual  industry.  The  Bureau 
of  Mines  is  carrying  out  the  second  policy. 

The  first  complete  cooperative  field  experiment  station  was 
the  Salt  Lake  station,  where  in  1914  a  cooperative  agreement 
was  entered  into  between  the  University  of  Utah  and  the 
Bureau  of  Mines  by  which  the  bureau  should  establish  a  field 
experiment  station  at  the  university  and  have  the  use  of 
certain  university  offices  and  laboratories  and  be  given  light, 
heat  and  power,  and  the  assistance  and  cooperation  of  the 
teaching  staff  of  the  university.  On  the  other  hand  the 
bureau  would  maintain  a  staff  of  engineers  and  metallurgists 
there  whose  work  should  be  the  solution  of  mining  and  metal- 
lurgical problems  which  might  prevent  waste  in  the  industries, 
increase  efficiency  and  conserve  human  life.  The  university 
further  agreed  to  establish  fellowships,  the  holders  of  which 
should  be  paid  by  the  university  and  who  should  work  under 
the  direction  of  the  bureau  engineers  and  on  commercial  prob- 
lems which  were  receiving  the  attention  of  the  bureau  staff. 

While  preference  has  been  given  local  problems,  yet  prob- 
lems arising  in  distant  districts,  the  solution  of  which  might 
aid  in  the  industry  and  on  which  the  experimental  work 
would  be  valuable  in  the  training  of  the  student  body  and 
fellows,  have  received  equal  attention.  Care  has  been  used 
not  to  conflict  with  the  professional  activities  of  private  con- 
sulting engineers  and  the  mere  treatment  of  an  ore  or  mineral 
substance  to  determine  its  adaptability  to  a  known  process 
has  been  considered  secondary  to  the  development  of  new 
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processes  or  the  adaptation  of  processes  to  conditions  hitherto 
not  thought  possible.  Experiment  stations  of  a  similar  nature 
later  were  established  at  the  University  of  Arizona,  Tucson; 
University  of  Washington,  Seattle;  University  of  Minnesota, 
Minneapolis ;  Colorado  School  of  Mines,  Golden ;  and  the  Ohio 
State  University  at  Columbus.  Field  stations  without  college 
affiiations  also  have  been  established  at  Fairbanks,  Alaska, 
and  Bartlesville,  Okl.,  where  needs  arose  but  whose  location 
did  not  admit  of  cooperation  with  colleges.  At  the  University 
of  Illinois,  Urbana,  and  the  University  of  California,  Berkeley, 
cooperative  agreements  have  been  entered  into  and  limited 
stations  established.  They  do  not,  however,  receive  the  full 
station  appropriation  from  the  bureau  and  their  staff  is  con- 
fined to  such  engineers  and  metallurgists  as  has  been  possible 
to  allot  from  general  bureau  funds  from  year  to  year.  The 
limited  cooperation  at  Urbana,  made  first  in  1911,  is  jointly 
with  the  Engineering  Experiment  Station  of  the  University 
of  Illinois  and  the  State  Geological  Survey  and  was  the  first 
cooperation  of  the  bureau  with  state  and  college  agencies  for 
conducting  investigations. 

The  main  field  station  of  the  bureau  at  Pittsburgh,  Pa.,  has 
recently  entered  into  a  new  kind  of  cooperative  agreement 
with  the  Carnegie  Institute  of  Technology.  The  Pittsburgh 
station,  especially  in  coal  mining  laboratories,  gas,  fuel  and 
petroleum  testing,  has  built  up  large  working  sections  of  its 
own  for  the  solution  of  problems  in  these  various  lines  which 
may  arise  anywhere  in  the  country.  At  the  present  time  it  is 
cooperating  with  a  number  of  industrial  corporations  and 
commercial  agencies  in  the  solution  of  general  problems,  the 
results  of  which  will  be  accessible  to  the  industry.  For 
example,  the  fuel-testing  section  has  agreements  with  several 
industrial  concerns,  with  the  Shipping  Board,  and  with  the 
War  Department  by  which  tests  are  being  carried  out  under 
the  direction  of  the  bureau,  the  cost  of  which  is  being  paid 
either  wholly  or  in  part  by  the  other  cooperating  agency. 
The  American  Society  of  Heating  &  Ventilating  Engineers  is 
conducting  at  the  Pittsburgh  station,  under  cooperative  agree- 
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ment,  a  study  of  ventilation  and  heat  transmission  problems. 
The  petroleum  section  is  likewise  cooperating  with  that  in- 
dustry and  similar  work  is  being  carried  on  in  the  chemical 
and  metallurgical  sections.  The  bureau,  moreover,  is  con- 
stantly testing  commercial  explosives  and  apparatus  designed 
for  use  in  the  mines  with  a  view  to  giving  them  bureau  ap- 
proval for  safety.  This  work  includes  testing  of  mine  lights, 
electrical  and  gasoline  underground  locomotives  and  electrical 
coal-cutting  machinery,  permissible  explosives,  oxygen  breath- 
ing apparatus,  and  gas  masks  for  industrial  purposes.  In 
this  way  the  bureau  is  in  direct  and  constant  contact  with  the 
industries  and  their  needs. 

It  is  desired  that  educational  institutions  and  the  industries 
have  access  to  the  station  and  be  able  to  take  every  advan- 
tage of  results  being  obtained  there.  For  this  reason  the 
bureau  has  been  glad  to  enter  into  a  cooperative  agreement 
with  the  Carnegie  Institute  of  Technology  by  which  their 
undergraduate  students  in  mining  may  visit  and  inspect  the 
work  being  done  at  the  Pittsburgh  station,  and  their  graduate 
students  and  fellows  may  be  assigned  work  and  take  part  in 
the  tests  and  researches  being  conducted  by  the  bureau. 
Since  the  problems  engaged  in  are  commercial  problems, 
mostly  put  up  by  the  industry  and  of  direct  benefit  to  them, 
such  an  agreement  offers  an  educational  institution  a  chance 
to  bring  the  men  they  are  training  into  intimate  contact  with 
the  developments  and  future  needs  of  the  industry.  It  is 
hoped  that  other  institutions  may  make  similar  cooperative 
agreements  with  the  Pittsburgh  station. 

The  bureau  further  stands  ready  as  part  of  its  program 
in  the  dissemination  of  information,  to  set  aside  one  or  more 
weeks  in  each  year  in  which  students  of  mining  or  in  other 
engineering  and  scientific  departments  of  colleges  may  come 
to  the  Pittsburgh  station  and  enter  into  and  have  explained 
to  them  by  special  demonstrations  the  researches  under  way 
there. 

Why  are  the  colleges,  the  Bureau  of  Mines  and  the  mining 
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industries  each  necessary  to  the  other  for  the  proper  develop- 
ment of  mining  and  allied  research? 

The  college  wants  to  furnish  graduates  trained  to  be  of 
value  to  the  industry;  the  industry  is  eager  for  ideas, 
processes  and  men  that  are  of  commercial  value.  The  bureau 
must  be  of  value  to  them  both. 

Both  the  college  and  the  bureau  have  one  common  object  in 
view,  the  furtherance  and  upholding  and  application  of  sci- 
ence to  the  mining  industry. 

In  the  past  a  tremendous  amount  of  research  work  has 
been  conducted  by  the  colleges  alone  and  a  host  of  problems 
solved  in  this  yay.  With  the  development  of  the  research 
idea  in  industrial  corporations  many  problems  are  arising, 
the  scope  of  Avhich  is  so  broad  and  the  expense  and  time  neces- 
sary so  great  that  the  college  needs  outside  help. 

The  college  or  university  is  primarily  an  institution  for  the 
young  men 's  development  and  education  and  secondarily,  one 
for  research.  It  therefore  recognizes  that  having  a  staff  on 
the  campus,  who  can  devote  their  whole  time  to  research 
means  a  greater  gain  to  the  research  work  of  the  institution 
than  would  be  indicated  by  the  mere  amount  of  money  allotted 
by  the  bureau  there.  It  is  often  stated  that  the  modern  engi- 
neering school  is  in  close  touch  with  the  industries  and  is  no 
longer  isolated  on  purely  abstract  and  theoretical  considera- 
tions ;  however,  the  very  nature  of  the  training  which  should 
be  developed  in  the  school  requires  that  the  institution  become 
not  too  practical  and  its  staff  not  too  taken  up  with  commercial 
work  lest  the  college  lost  its  ideals  and  purposes  which  make 
it  a  place  of  training  superior  to  that  of  the  shop  or  field.  On 
the  other  hand  teaching  is  a  profession  by  itself  and  even  in 
engineering  a  man  who  must  devote  the  entire  day  to  teaching 
has  only  a  limited  period  each  year  in  which  he  can  hope  to 
come  in  contact  with  other  men  in  his  profession  and  with  the 
corporations  themselves.  Somehow,  the  bureau  places  stu- 
dents and  faculty  in  a  position  in  which  they  feel  more  closely 
in  contact  with  the   industry.     The  bureau  men,  traveling 
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about  in  the  field  for  part  time  and  working  at  the  college 
for  part  time  are  enabled  to  bring  the  professional  point  of 
view  close  to  the  college. 

Large  parts  of  many  college  laboratories  under  ordinary 
conditions  must  be  idle  for  many  months  in  the  year.  This 
is  not  a  criticism  of  the  laboratory  but  a  necessary  overhead 
expense  whicli  the  colleges  recognize  and  which  they  would 
gladly  overcome  were  more  money  or  a  greater  number  of 
classes  available.  A  piece  of  apparatus  perfectly  adapted  for 
research  work  may  serve  a  single  class  for  a  single  day  and 
then  lie  idle  for  half  a  year  or  a  whole  year,  until  new  classes 
take  the  same  work,  unless  opportunity  is  developed  for  re- 
search work.  It  is  therefore  of  tremendous  interest  and 
help  to  students  who.  of  ten  see  only  their  instructors  engaged 
in  laboratory  and  test  work  to  be  able  to  see  the  Bureau  of 
Mines  men  working  as  professional  engineers  on  the  same 
class  of  problems  with  which  they  are  expected  to  familiarize 
themselves. 

From  the  bureau  point  of  view  it  has  been  logical  to  seek 
location  at  or  near  a  college  or  educational  institution  where 
college  office  space  and  equipment  are  available,  where  the 
faculty  are  in  touch  with  local  needs  and  situations  and  where 
the  surroundings  are  congenial  for  research  and  mutual  help. 

Another  point  which  must  not  be  overlooked  is  the  ideal 
chance  offered  in  this  way  for  the  bureau  to  get  its  ideas  and 
results  of  its  research  across  to  the  engineering  public.  Al- 
though it  is  a  government  institution  it  is  without  police  or 
mandatory  powers  and  its  effectiveness  depends  on  getting 
its  work  across,  on  the  one  hand,  to  the  practicing  industry 
and,  on  the  other,  to  the  men  who  will  control  and  direct 
industry  within  the  next  few  years.  In  engineering,  as  in 
medicine,  it  is  the  undergraduate  who  receives  the  advanced 
ideas  and  processes  and,  although  later  practical  experience 
may  make  him  more  conservative  as  to  introduction  and  ap- 
plication of  new  ideas,  yet  his  very  association  in  college  with 
advanced  principles  and  processes  gives  him  that  flexibility  of 
mind  necessary  to  apply  new  ideas,  which  never  leaves  him. 
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His  association  with  the  station  as  an  undergraduate  or 
graduate  student  gives  him  the  *' bureau  point  of  view." 
This  cooperation  between  the  bureau  and  the  college  for  the 
carrying  out  of  research  work  is  an  ideal  one;  working 
together  they  can  present  to  the  industry  with  double  strength 
things  which  they  believe  are  for  its  betterment. 

Every  corporation  has  its  own  research  problems.  A  re- 
search laboratory  of  a  corporation  is  engaged  primarily  in  the 
problems  whose  solution  is  of  direct  benefit  to  the  corporation 
and  the  only  point  of  view  is  the  application  of  the  problem 
to  the  commercial  success  of  the  corporation.  While  the  large 
corporations  a  few  years  ago  felt  able  to  handle  their  own 
research  problems,  the  writer  ventures  that  today  there  is  not 
one  of  the  corporation  research  departments  but  that  will 
admit  there  are  basic  and  far  reaching  problems  which  should 
be  solved  for  the  benefit  of  the  whole  industry  and  whose 
solution  would  be  of  direct  benefit  to  them  in  their  work. 
They  further  admit  that  they  cannot  possibly  consider  taking 
the  corporation  money  and  time  to  work  on  these  problems, 
the  solutions  of  which  might  be  of  as  much  or  more  benefit 
to  their  competitors  as  to  themselves.  Further,  the  results  of 
corporation  research  generally  are  not  available  to  the  public. 

The  small  corporation  in  every  case  must  look  to  outside 
help  on  its  problems.  True  industrial  research  is  a  slow  and 
costly  problem  not  at  all  adapted  to  a  small  commercialized 
department  which  must  show  decided  progress  each  day. 

The  industries  often  fear  that  solution  of  their  problems 
by  the  colleges  may  involve  such  a  departure  from  the  dollars 
and  cents  consideration  that  they  will  not  benefit  by  them  and 
that  on  account  of  the  demands  of  the  college  teachers  for 
regular  work  the  time  taken  may  be  too  great  a  factor.  That 
they  have  been  willing  to  cooperate  with  the  Bureau  of  Mines 
or  with  the  bureau  and  college  jointly  has  been  proven  in 
many  cases  during  the  past  few  years. 

Finally,  the  bureau,  on  its  part,  needs  both  the  other  agen- 
cies. It  must  have  the  college  to  foster  and  keep  alive  for  it 
the  ideals  of  research  and  to  furnish  the  very  material  help 
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in  men,  materials,  or  ideas,  and  because  it  opens  to  the  bureau 
the  most  fertile  field  for  the  distribution  of  results  and  ideas 
from  research.  On  the  other  hand  the  bureau  must  be  of 
direct  service  to  and  at  the  call  of  the  industry,  and  the  in- 
dustry must  be  satisfied  that  the  bureau's  help  is  worth  re- 
ceiving and  its  ideas  practical  and  worth  adopting  else  it 
cannot  continue  to  exist.  Therefore,  the  bureau  stands  ready 
at  all  times  to  cooperate  with  the  industry  and  with  the  college 
in  the  solution  of  problems  of  benefit  to  the  industry. 
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WHAT  ARE  THE  CHIEF  DEFECTS  IN  THE 

PRODUCT  OF  ENGINEERING 

SCHOOLS?* 

BY  B.  F.  GROAT, 
Hydraulic  Engineer,  Aluminum  Company  of  America,  Pittsburgh,  Pa. 

This  question  must  be  considered  broadly  by  the  teacher, 
especially  when  determining  his  general  educational  policies 
and  when  establishing  his  courses  of  study. 

The  question  can  be  answered  in  its  broadest  sense  only 
when  we  have  determined  the  future  conditions  under  which 
the  engineering  graduate  must  work  and  the  functions  which 
the  graduate  will  have  to  perform  under  these  conditions.  At 
the  same  time,  we  work  under  the  disadvantages  of  having  to 
arrive  at  conclusions  based  upon  future  conditions  in  only 
the  light  of  past  experience. 

We  have  passed  through  a  period  of  great  revolutions,  the 
principal  one  of  which  is  the  changed  conditions  of  world 
society  due  to  the  world  war.  International  relations  have 
been  disrupted  without  having  been  completely  reestablished 
on  a  new  basis.  National  economics  must  be  remodeled;  the 
rights  and  duties  of  men  will  have  to  be  redetermined,  and 
reapportioned. 

Perhaps  the  most  potent  moral  force  is  that  which  in  the 
past  has  been  called  the  law  of  public  policy.  This  law  will 
become  more  and  more  potent  as  time  rolls  on.  We  already 
see  unmistakable  evidences  of  the  tendency  of  governments 
to  investigate,  interfere  with  and  direct  business  of  a  private 
nature.  It  is  not  improbable  that  we  shall  see  efforts  made 
to  determine  what  is  and  what  is  not  legitimate  business ;  what 

*  Read  at  the  first  regular  meeting  of  the  Pittsburgh  Section  of  the 
Society  for  the  Promotion  of  Engineering  Education,  Wednesday  even- 
ing, December  3,  1919. 
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is  and  what  is  not  proper  individual  occupation ;  what  is  and 
what  is  not  permissible  economic  activity. 

It  is  already  a  fact  that  private  incomes  are  investigated 
and  taxed  and  there  are  already  laws  in  many  codes  of  various 
nations  prohibiting  strikes  and  denominating  them  con- 
spiracies where  they  interfere  with  industries  of  vital  eco- 
nomic importance. 

The  laws  of  civilization  naturally  base  themselves  on  the 
principle  that  they  are  just  if  best  for  society  as  a  whole. 
This  is  merely  the  broadest  conception  of  the  law  of  public 
policy.  Such  policy  and  laws  establish  themselves  by  virtue 
of  moral  forces  which  are  above  man,  though  they  express 
themselves  through  the  agency  of  man.  Why  is  it  that  we 
see  congressmen,  senators,  presidents,  kings,  queens,  voting 
for  prohibition?  Do  they  want  it?  Did  they  vote  for  it 
from  the  start?  Or  is  the  project  so  much  above  them  that 
they  are  just  barely  able  to  see  that  if  they  don't  vote  for  it 
their  job  is  lost.  The  truth  is  they  have  been  voting  against 
it  all  the  time,  but  finally  realize  their  own  individual 
impotency. 

The  movement  to  improve  our  methods  of  doing  things  is 
shown  to  a  certain  extent  by  the  movement  now  on  foot  to 
establish  a  national  department  of  public  works;  perhaps 
there  may  be  connected  with  this  movement  at  some  future 
time  the  idea  of  public  service  at  cost. 

During  the  last  ten  years  I  have  employed  a  number  of 
college  graduates  from  a  number  of  colleges  and  universities 
and  while  these  men  have  had  their  faults,  I  have  found  it  very 
difficult  to  lay  my  finger  upon  the  faults  which  it  would  ap- 
pear are  in  any  special  sense  those  due  to  the  methods  applied 
in  their  engineering  education. 

It  seems  to  me  that  the  principal  faults  which  can  be  traced 
to  their  education  are  divided  into  two  classes:  (1)  lack  of 
capacity  in  the  sense  that  a  machine  has  capacity;  (2)  lack 
of  general  education. 

Lack  of  capacity  shows  itself  in  measuring  the  ability  to 
turn  out  a  large  output  as  in : 
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1.  Making  Routine  Reports. — It  was  frequently  observed 
that  engineering  students  lack  a  knowledge  of  clerkship  and 
a  knowledge  of  the  methods  of  securing  accuracy.  They  fre- 
quently do  not  understand  how  to  check  a  report  so  that  all 
of  the  errors  will  be  discovered  and  eliminated.  Any  high- 
grade  clerk  can  do  this.  They  lack  a  training  in  many  of  the 
duties  required  of  a  clerk. 

2.  Surveys. — Very  frequently  engineering  graduates  lack 
capacity  of  manipulation.  It  takes  too  long  for  them  to  do 
very  simple  things.  They  lack  diplomacy  in  many  cases. 
Diplomacy  is  very  necessary  when  making  a  survey  on 
foreign  ground. 

3.  Tests. — Engineering  graduates  very  frequently  fail  to 
produce  satisfactory  test  results.  The  failure  of  capacity  in 
this  respect  is  very  similar  to  the  failure  of  capacity  in  clerk- 
ship and  accuracy. 

4.  Estimates. — In  many  estimates  it  is  frequently  the  case 
that  graduates  fail  to  evaluate  and  correctly  weigh  the  data 
at  hand. 

5.  Designing. — It  is  very  frequently  the  case  that  young 
engineering  graduates  fail  to  distinguish  the  difference  be- 
tween what  should  be  called  correct  engineering  and  what 
should  be  called  individual  judgment.  This  misconception  is 
not  confined  to  young  college  graduates.  It  is  not  safe  to 
substitute  the  judgment  of  an  individual  for  the  criteria  of 
correct  engineering. 

Lack  of  general  education  does  not  show  itself  merely  as  a 
lack  of  refinement  and  finish.  It  goes  entirely  to  the  root  of 
fundamentals.  Clear  conception  of  ideas  is  an  absolute  neces- 
sity in  engineering;  I  should  say  more  so  than  in  any  other 
branch  of  activity.  Probably  nine-tenths  of  engineering 
knowledge  comes  through  the  study  of  the  definitions  and 
meanings  of  words.  This  applies  not  merely  to  technical 
words  but  to  all  kinds  of  words.  I  should  say  that  the  study 
of  a  science  is  largely  a  matter  of  arriving  at  a  clear  con- 
ception of  the  meanings  of  the  words  which  have  been  em- 
ployed by  the  teachers  and  writers  in  describing  that  science. 


WHAT   AEE   THE    CHIEF   DEFECTS   IN 

It  is  true  that  we  seem  to  think  that  we  have  ideas  of  a  science 
which  are  peculiarly  our  own  individual  ideas;  and  yet,  we 
must  admit  that  our  own  individuality  in  any  particular  line 
of  activity  consists  principally  in  a  display  of  individual 
energy  rather  than  in  an  evolution  of  new  modes  of  thought. 

The  engineer  should  study  languages.  It  must  be  ad- 
mitted, however,  that  he  cannot  take  time  to  go  into  the 
details  of  languages  to  the  same  extent  that  should  be  required 
of  a  person  contemplating  a  literary  life.  Perhaps  one  of  the 
greatest  fields  for  the  engineering  schools  to  develop  is  the 
proper  method  of  instructing  the  students  in  the  languages. 
It  may  not  be  amiss  to  suggest  that  the  engineer  should  have 
as  thorough  an  education  in  English  as  any  other  class  of 
student,  but  that  he  should  thereafter  absorb  the  general 
nature  of  the  other  languages  by  actually  reading  and  trans- 
lating important  technical  articles  on  important  subjects  with 
which  he  is  already  familiar.  Of  course  there  should  be  a 
very  brief  and  concentrated  study  of  the  simpler  elements  of 
contruction  of  some  of  the  languages,  but  this  should  be 
merely  an  introduction,  on  the  ground  that  a  certain  amount 
of  such  preparation  is  on  the  side  of  economy. 

The  student's  ideas  will  be  greatly  broadened,  and  an  im- 
mense amount  of  extremely  valuable  information  will  be  ac- 
quired, by  reading  generally  on  important  subjects  such  as 
law,  economics,  politics  and  finance.  Such  courses  of  read- 
ing should  be  supplemented  by  a  course  of  lectures  by  real 
experts  in  the  various  branches. 

These  methods  are  bound  to  lead  to  general  largeness  cover- 
ing all  branches  of  engineering,  and,  indeed,  will  make  the 
student  at  home  in  almost  any  society. 

The  lack  of  capacity  in  general  education  seems  to  result 
from  a  lack  of  breadth  of  courses  and  from  too  much  time 
expended  on  small  things.  The  student  should  be  compelled 
to  dig  down  to  the  merest  detail  in  his  studies  at  critical  times. 
He  should  be  trained  to  go  to  the  ultimate  degree  of  refine- 
ment in  detail,  but  it  is  destructive  of  his  mental  develop- 
ment to  keep  him  grinding  on  these  details  continuously. 
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Engineering  students  should  not  take  too  much  vacation. 
Two  weeks  a  year  with  the  ordinary  holiday  vacations  should 
be  plenty.  However  the  conditions  are  today,  it  is  a  fact  that 
the  most  inefficient  institutions  we  have  had  in  the  past  have 
been  our  schools.  An  engineering  school  should  be  in  daily 
operation  the  year  around.  It  should  keep  in  touch  with  its 
output  of  college  graduates. 

One  of  the  best  means  for  keeping  in  touch  with  the  col- 
lege graduate  is  to  direct  him  in  his  early  years  toward  proper 
lines  of  occupation  and  to  advise  with  him  as  regards  the 
salary  he  should  expect  and  demand.  One  of  the  reasons  why 
ordinary  engineers  fail  to  receive  the  compensation  to  which 
they  are  clearly  entitled  is  because  they  do  not  know  what 
their  services  are  worth,  nor  do  they  know  what  they  can 
demand.  In  most  cases  they  do  not  even  know  what  their 
fellow  engineers  are  getting  in  the  way  of  compensations  and 
the  custom  has  grown  up  to  a  large  extent  whereby  each  man 
has  to  pull  for  himself. 

The  question  of  discipline  is  extremely  important;  it  is 
hardly  necessary  to  go  into  this  matter  at  the  present  time 
but  it  may  be  remarked  that  students  frequently  do  not  feel 
a  proper  sense  of  responsibility. 

Wliatever  the  conditions  are  today  in  our  engineering  col- 
leges I  can  say  that  I  was  firmly  convinced  of  the  fact  during 
fifteen  years  of  college  life,  in  which  I  acted  as  student  in 
engineering,  student  in  law,  instructor  in  engineering  physics, 
Assistant  Professor  and  Professor,  that  there  is  too  much 
formal  class  room  work  and  too  little  time  for  independent 
thought  and  action.  The  tendency  of  this  state  of  affairs  is 
to  rob  the  student  of  a  certain  kind  of  initiative  force  that 
ought  to  be  developed  fully. 

I  am  inclined  to  think  that  there  should  be  no  formal  class 
room  work  after  the  Sophomore  year ;  that  the  student  should 
work  four  hours  each  day  in  practical  engineering  and  devote 
another  four  hours  to  reading  and  attendance  upon  high 
grade  engineering  lectures. 
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The  1920  Meeting. — The  twenty-seventh  annual  meeting  of 
the  Society  will  be  held  at  the  University  of  Michigan,  June 
29  to  July  2.  This  date  is  necessitated  hy  the  fact  that  a 
number  of  institutions  this  year  have  late  commencements. 
The  Council  has  decided  that  the  general  topic  for  the  meeting 
will  be  * '  Cooperation. ' '  President  Greene  is  working  on  the 
program.  One  of  the  topics  which  received  consideralble  atten- 
tion at  the  Baltimore  meeting  was  the  relation  between  this 
Society  and  the  technical  engineering  societies.  This  discussion 
at  the  Michigan  meeting  will  be  opened  by  President  Ira  N. 
HoUis,  of  Worcester  Polytechnic  Institute,  the  first  president 
of  the  Engineering  Council,  on  the  topic  ''Cooperation  with 
the  National  Engineering  Societies. ' '  We  all  recall  with  pleas- 
ure his  address  on  ''Administration''  at  the  Baltimore  meet- 
ing. The  question  of  cooperation  between  engineering  schools 
and  industries  will  be  discussed  by  a  number  of  men  from 
industries. 

The  meeting  this  year  should  be  rich  in  personal  experiences 
since  most  institutions  have  made  decided  changes  in  their  cur- 
ricula and  methods  of  teaching. 

The  new  Alumni  Hall  of  the  University  of  Michigan,  the 
recreation  center  of  the  university,  will  form  the  nucleus  for 
all  the  social  activities  of  the  meeting. 

The  Engineering  School  at  the  University  of  Michigan  has 
long  been  noted  for  certain  excellent  methods  of  instruction. 
The  visiting  members  of  the  Society  will  have  ample  oppor- 
tunity to  study  the  work  in  detail.  Dean  Cooley  and  the  mem- 
bers of  the  faculty  of  the  School  of  Engineering,  are  entering 
energetically  into  the  plans  for  the  entertainment  of  the 
Society. 

The  Time  of  the  Annual  Meeting. — The  attention  of  the 
members  is  called  to  the  short  note  of  President  Howe  appear- 
ing in  this  issue  of  Engineering  Education.    It  is  suggested 


TIME   OF    MEETING   OF   THE   SOCIETY. 

here  for  discussion  and  will  come  before  the  Society  at  the 
Michigan  meeting  for  action. 

Salaries  of  Engineers  Engaged  in  Teaching. — The  Ameri- 
can Association  of  Engineers  has  created  a  committee  to  study 
the  question  of  salaries  of  engineers  engaged  in  teaching. 
Professor  C.  J.  Tilden,  of  Sheffield  Scientific  School  of  Yale 
University,  has  accepted  the  chairmanship  of  this  committee. 
All  deans  of  engineering  schools  will  be  made  corresponding 
members.  A  comprehensive  study  of  the  salary  problem  with 
recommendations  will  be  made  and  these  recommendations 
will  be  backed  by  the  membership  of  the  association. 


TIME  OF  MEETING  OF  THE  S.  P.  E.  E. 

For  a  number  of  years  the  meetings  of  the  Society  for  the 
Promotion  of  Engineering  Education  have  been  held  during 
the  latter  part  of  June  or  the  first  of  July,  after  the  colleges 
have  closed.  This  meeting  seriously  interferes  with  the  vaca- 
tions of  a  number  of  members.  As  some  scientific  institutions 
close  before  the  middle  of  June,  those  members  of  the  faculty 
who  expect  to  attend  the  Society  meeting  are  obliged  to  defer 
their  vacations  for  two  or  three  weeks.  As  presidents  and. 
professors  are  pretty  tired  iby  the  end  of  the  college  year,  it 
would  seem  to  me  advisable  to  hold  the  meetings  at  some  other 
time.  Why  w^ould  it  not  be  better  to  hold  them  during  the 
college  year  and  let  the  time  taken  for  them  come  out  of  that 
period  rather  than  come  out  of  the  vacation,  which  provides  a 
time  of  rest  so  badly  needed,  by  all  connected  with  engineering 
colleges?  I  would  like  to  suggest  that  this  question  be  seri- 
ously considered  by  the  board  of  directors  and  if  they  should 
deem  it  wise,  that  a  vote  of  the  membership,  or  at  least  that 
part  of  the  membership  which  attends  the  meetings,  be  ob- 
tained. Charles  S.  Howe, 

President, 
Case  School  of  Applied  Science. 

Feb.  18,  1920. 
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COOPERATION  BETWEEN  ENGINEERING  COL- 
LEGES AND  INDUSTRIES. 

BY  EKNST  J.  BERG. 

Three  methods  of  cooperation  between  engineering  colleges 
and  industries  may  be  feasible.  The  first  involves  short 
periods  of  alternating  work  between  the  college  and  the  fac- 
tory. The  second,  involves  periods  of  longer  duration — a 
month  or  so — and  the  third,  continuous  work  at  the  college, 
during  the  college  year  and  properly  arranged  work  during 
the  summer  vacation  at  the  factory. 

The  first  alternative  has  been  given  a  very  fair  trial  by 
Union  College.  During  the  last  semester  of  the  senior  year 
the  electrical  engineering  class  was  divided  into  two  sections 
which  spent  alternate  weeks  at  the  college  and  at  the  General 
Electric  Company's  shops. 

Not  only  the  college  was  anxious  that  the  trial  should  be 
fair  but  the  General  Electric  authorities  were  equally  inter- 
ested and  went  to  considerable  trouble  to  see  that  the  students 
were  given  practical  testing  experience  on  the  particular 
phase  of  engineering  which  was  dealt  with  each  week  in  the 
classrooms.  The  students  were  also  anxious  for  the  experi- 
ment, indeed  enthusiastic  to  try  it.  To  them  it  meant  not 
only  the  possibility  of  better  education  but  also  financial  help 
directly,  and  indirectly  to  those  that  decided  to  stay  with  the 
company  at  the  end  of  the  college  course. 

At  the  conclusion  of  the  semester  each  student  was  backed 
to  write  his  opinion  about  the  experiment.  The  replies  were 
very  interesting.  In  every  case  the  student  appreciated  that 
he  had  learned  a  great  deal  that  he  otherwise  would  have 
missed  but  believed  decidedly  that  the  time  could  have  been 
better  spent  entirely  at  the  college.  The  faculty  reached  the 
same  conclusion,  and  felt  that  the  result  would  have  been 
very  much  the  same  if  the  periods  had  been  longer. 

As  a  consequence  Union  College  has  adopted  the  third  alter- 


NECROLOGY. 

native.  Engineering  students  are  given  opportunity  to  get 
properly  planned  work  at  the  General  Electric  Factories 
during  vacations. 

CULTURE.--^ 

The  little  college  town  of  Umphburg  was  ablaze  with  color. 

It  was  autumn  and  the  afternoon  sun  shone  on  fluttering 
pennants  and  bunting  of  varied  hue  that  bedecked  the  palatial 
structure  of  the  University  of  Umph. 

Today  was  the  day  of  all  days — the  day  of  the  annual  grid- 
iron struggle  between  Umph  and  Shooch. 

The  million-dollar  stadium  gleamed  in  the  autumn  sun  while 
thousands  of  students  and  alumni  crowded  through  the  gates 
to  their  seats  at  $20  the  seat. 

Inside  the  gridiron  gladiators  were  listening  to  final  instruc- 
tions from  their  $500,000-a.-year  coaches. 

On  the  curb  outside  the  marble  gatewaj^  was  a  line  of  ragged, 
wretched  old  men  raising  their  piteous  voices  in  their  endeavor 
to  eke  out  an  existence  by  the  sale  of  peanuts,  pennants  and 
chewing  gum. 

''Who,"  lasked  a  stranger,  ''Who  are  those  human  derelicts? 
Who  are  those  unfortunate  creatures  casting  a  blight  on  these 
noble  surroundings  ?  Who  are  those  hopeless  wrecks  starving 
in  the  midst  of  plenty?" 

"Them?"  replied  a  freshman,  "Them's  our  professors." 


NECROLOGY. 
F.  L.  EMORY. 

Professor  F.  L.  Emory  was  born  in  Dunenburg,  Mass., 
April  9,  1867,  the  son  of  Edward  Franklin  and  Mary  Mildred 
Emory.  He  received  his  common  school  education  there  and 
attended  college  at  Worcester,  Mass.,  receiving  a  bachelor's  de- 
gree in  mechanical  engineering  in  1887.    He  was  director  of 

*  The  PiUshurgh  Post,  February  M,  1920. 
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the  mechanical  and  manual  training  department  of  Washing- 
ton, D.  C,  high  school  1887-89.  He  established  and  superin- 
tended the  Trades  School  in  the  Massachusetts  Reformatory 
1890-91  at  Concord  Junction,  Mass. 

In  the  fall  of  1891,  he  was  selected  by  the  late  Dr.  Eli  Marsh 
Turner,  then  president  of  West  Virginia  University,  to  estab- 
lish and  take  charge  of  the  new  department  of  mechanical 
engineering  of  West  Virginia  University  organized  that  year 
under  the  provisions  of  the  Morrill  Act  of  congress.  This  he 
did  most  successfully,  constructing  the  first  mechanical  hall  on 
the  site  now  occupied  by  the  university  heating  plant.  From 
1892-95,  he  was  engaged  in  establishing  and  directing  the  In- 
dustrial Training  and  Technical  High  School  for  the  city  of 
Indianapolis,  Ind.  He  built  and  equipped  this  modern  school 
to  accommodate  1,200  pupils. 

In  the  fall  of  1895,  he  entered  Cornell  University  to  take 
postgraduate  work  and  received  a  master  of  mechanical  engi- 
neering degree  from  that  institution  in  1896.  He  then  re- 
turned to  West  Virginia  University  to  become  professor  of 
luechanics  and  applied  mathematics,  which  position  he  held  at 
the  time  of  his  death.  In  1899,  his  alma  mater,  Worcester 
Polytechnic  Institute,  conferred  on  him  the  degree  of  master 
of  engineering. 

In  addition  to  his  teaching  duties  Professor  Emorj^  was  for 
a  number  of  years  superintendent  of  grounds  and  buildings  at 
the  university  and  as  such  had  charge  of  the  construction  of 
the  armory,  Mechanical  Hall,  Library,  president's  house  and 
central  heating  plant  of  the  university. 

During  his  incumbency  as  a  professor  of  the  engineering  fac- 
ulty. Professor  Emory  made  a  most  exhaustive  study  of  the 
early  history  of  the  steam  engine  and  steam  engineering  and  at 
the  time  of  his  death,  had  perhaps  the  most  complete  collec- 
tion of  lantern  slides  on  this  subject  in  the  United  States.  As 
chairman  of  the  faculty  committee  in  charge  of  the  University 
Engineering  Society,  he  accomplished  most  valuable  work,  for 
it  was  here  that  he  devoted  particular  attention  to  stimulating 
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research  by  the  advanced  engineering  students,  and  at  the 
same  time  encouraged  the  development  of  forensic  ability- 
through  papers  and  addresses  which  he  had  them  prepare  and 
read  before  the  society. 

With  Dr.  Frederick  Truscott,  of  this  city,  he  was  co-author 
in  the  translation  and  publication  of  the  ' '  Philosophical  Essay 
on  Probabilities"  by  Laplace,  in  1902,  often  referred  to  as  the 
treatise  on  "Least  Squares."  More  recently,  he  had  com- 
pleted a  manuscript  on  "Strength  of  Materials"  which  was 
ready  for  the  printer's  hands.  He  had  also  written  many 
papers  for  various  scientific  societies  of  which  he  was  a  mem- 
ber. He  held  membership  in  the  American  Society  of  Mechan- 
ical Engineers,  and  the  Society  for  the  Promotion  of  Engi- 
neering Education.  He  also  served  as  a  member  of  the  board 
of  school  commissioners  for  Morgantown  Independent  school 
district,  for  a  number  of  years.  Professor  Emory  has  been  a 
member  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation since  1894. 

LESLIE  H.  HARRIS. 

Professor  Leslie  H.  Harris  died  February  21,  aged  thirty- 
six  j'-ears.  He  was  born  October  23,  1883,  at  Bradford,  Pa. 
Together  with  his  father  and  brother  he  spent  his  early  life  in 
the  oil  fields  of  the  Middle  West.  In  this  work  he  was  early 
impressed  with  the  need  of  an  engineering  education  in  order 
to  be  better  fitted  for  the  industrial  life  of  the  day.  He  en- 
tered Purdue  University  in  1903,  graduating  with  the  degree 
of  bachelor  of  science  in  electrical  engineering  in  1907. 

While  at  Purdue,  Professor  Harris  developed  a  keen  inter- 
est in  military  science  and  ta^cics.  This  type  of  work  was  sec- 
ond only  to  his  engineering  pursuits.  He  rose  to  the  rank  of 
colonel  in  command  of  the  Cadet  organization.  This  military 
experience  obtained  at  Purdue  was  responsible  for  his  active 
participation  in  military  matters  during  the  late  war.  Upon 
completion  of  his  work  at  Purdue,  Professor  Harris  entered  the 
employ  of   the   Westinghouse   Electric    and   Manufacturing 
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CJompany  at  East  Pittsburgh  in  September.  After  working 
with  this  company  for  a  short  time,  he  received  a  call  from 
the  Western  University  of  Pennsylvania  to  take  up  the  work 
in  the  Department  of  Electrical  Engineering.  A  year  after 
entering  the  Western  University,  the  entire  institution  was 
moved  from  its  former  location  on  the  Northside  to  the  Schen- 
ley  Farms  district  where  the  School  of  Engineering  occupies 
the  new  and  modern  engineering  building  made  possible  by 
public  subscriptions. 

This  change  gave  Professor  Harris  an  excellent  opportunity 
to  work  out  some  new  ideas  in  connection  with  the  training  of 
electrical  engineering  students.  It  is  sufficient  to  say  that 
many  of  his  original  ideas  are  not  only  still  in  use  in  this  in- 
stitution, but  have  been  adopted  by  a  number  of  other  engi- 
neering schools.  He  was  gradually  advanced  from  instructor 
until  in  1915  he  was  made  professor  and  head  of  the  Depart- 
ment of  Electrical  Engineering. 

:  Another  event  occurred  shortly  before  this  time  which  was 
instrumental  in  shaping  his  future  career.  The  Common- 
wealth of  Pennsylvania  decided  to  form  a  public  service  com- 
mission and  in  order  to  properly  standardize  their  engineering 
plans,  the  committee  retained  Professor  Harris  in  the  capacity 
of  consulting  engineer  for  the  creation  of  their  early  rules  and 
regulations.  Professor  Harris  continued  in  the  capacity  of 
consulting  engineer  to  the  Commission  throughout  his  connec- 
tion with  the  University  of  Pittsburgh.  Preceding  the  com- 
pletion of  the  standardizing  laboratory  at  Harrisburg,  Pro- 
fessor Harris  conducted  all  standardizing  work  for  the  State 
in  the  laboratories  of  the  School  of  Engineering.  His  services 
continued  to  be  more  and  more  valuable  to  the  Commission  and, 
as  a  result,  he  resigned  from  the  School  of  Engineering  of  the 
University  of  Pittsburgh,  effective  February  1,  1920,  to  take 
up  continuous  work  as  Division  Engineer  in  the  Public  Serv- 
ice Commission  in  charge  of  the  valuation  work. 

Military  matters  were  one  of  Professor  Harris's  most  inter- 
esting side  issues  and  during  the  work  of  the  Engineering 
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School  in  summer  camp  at  Windber,  he  had  charge  of  the  mili- 
tary organization.  This  work  was  carried  on  during  the  sum- 
mer of  1917,  when  America  was  beginning  to  take  active  par- 
ticipation in  the  world  war.  In  this  capacity,  Professor  Harris 
prepared  a  number  of  students  for  a  successful  military  career 
during  the  next  two  years. 

Being  a  member  of  the  Reserve  Officers'  Training  Corps  at 
the  time,  he  was  called  into  service  in  August  of  that  year.  He 
went  to  Washington,  but  was  later  transferred  to  Camp  Stuart 
at  Newport  News  with  the  rank  of  major  and  the  title  of  Port 
Utility  Officer,  having  charge  of  the  construction  and  em- 
barkation camp  located  there. 

Professor  Harris  was  married  on  September  3, 1914,  to  Alma 
Kerr  of  the  Northside.  Mrs.  Harris  contracted  pneumonia  and 
died  February  8, 1920.  They  leave  one  daughter,  Alma  Louise, 
aged  four  j'-ears. 

Professor  Harris  was  a  member  of  the  Eta  Kappa  Nu,  Tau 
Beta  Pi,  and  Delta  Epsilon,  being  National  Secretary  of  Eta 
Kappa  Nu.  He  was  also  a  member  of  the  American  Institution 
of  Electrical  Engineers,  the  Engineers  Club  of  Harrisburg, 
and  the  Society  for  the  Promotion  of  Engineering  Education, 
having  been  assistant  secretary  of  the  latter  from  1914  till  he 
entered  service.    He  was  a  member  of  the  Society  since  1912. 


R.  C.  MACLAURIN. 

Dr.  Richard  Cockburn  Maclaurin,  since  1908  president  of 
Massachusetts  Institute  of  Technology,  died  at  his  home  in 
Cambridge,  Mass.,  January  15.  He  succumbed  to  pneumonia 
in  the  prime  of  a  remarkably  constructive  life  devoted  to 
higher  education,  being  only  fifty  years  old  at  the  time  of  his 
death.  That  he  had  received  the  Cambridge  University  degrees 
of  Sc.D.  at  the  age  of  twenty-eight,  LL.D.  at  thirty-four,  and 
became  president  of  Massachusetts  Institute  of  Technology  at 
thirty-eight  is  evidence  of  his  versatility  and  brilliance.    His 

*  Engineering  News  Becord,  Vol.  84,  No.  4. 
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ability  as  an  organizer,  financier,  and  developer  of  educa- 
tional institutions  was  no  less  remarkable  than  his  attainments 
in  science  and  law. 

Richard  Cockburn  Maclaurin  was  born  in  Lindean,  Scot- 
land, in  1870.  His  early  boyhood  was  spent  in  New  Zealand, 
whence  he  returned  to  England  to  complete  his  preliminary 
education.  In  1892  he  entered  the  University  of  Cambridge, 
where  he  held  a  foundation  scholarship  in  St.  John's  College. 
He  took  two  degrees  at  Cambridge,  B.A.  and  M.A.,  the  thesis 
work  for  the  latter  being  advanced  mathematics.  He  received 
the  Smith  prize  for  excellence  in  mathematics,  and  upon  grad- 
uation was  elected  Fellow  of  St.  John's  College. 

Leaving  Camibridge,  Dr.  Maclaurin  next  spent  ten  months  in 
the  United  States  and  Canada  (1896-97)  studying  and  visit- 
ing educational  institutions  and  spending  much  time  at  McGill 
(Toronto)  and  Leland  Stanford  universities.  Returning  to 
England  he  re-entered  Cambridge,  this  time  to  study  law,  and 
was  awarded  the  McMahon  law  studentship,  the  most  highly 
valued  of  its  kind  in  the  university. 

In  1898  Dr.  Maclaurin  was  appointed  professor  of  mathe- 
matics in  the  University  of  New  Zealand,  became  a  trustee  of 
the  university,  and  took  an  active  part  in  the  organization  of 
technical  education  in  that  colony.  He  became  dean  of  the 
faculty  of  law  in  the  university  in  1903  and  continued  in  that 
capacity  for  the  next  four  years.  In  1898  Cambridge  Univer- 
sity honored  him  with  the  degree  of  doctor  of  science  and  again 
in  1904  with  the  degree  of  doctor  of  law. 

He  was  invited  to  take  the  chair  of  mathematical  physics  at 
Columbia  University,  New  York  City,  in  1907,  and  a  year  later 
was  made  head  of  the  Department  of  Ph3^sics.  Dr.  Maclaurin 
was  appointed  president  of  Massachusetts  Institute  of  Tech- 
nology, November  23, 1908,  succeeding  Henry  S.  Pritchett,  who 
had  retired  to  become  chairman  of  the  Carnegie  Foundation. 
At  that  time  Massachusetts  Institute  of  Technology  had 
reached  the  limit  of  its  facilities  and  still  fell  far  short  of  fully 
carrying  out  the  plans  of  its  founders.    Its  buildings,  equip- 
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ment  and  funds  were  only  a  fraction  of  its  needs.  Dr.  Mac- 
laurin  undertook  to  make  up  the  deficiencies. 

First  he  unified  the  corporation  and  the  faculty,  and  by  his 
personality^  gained  the  confidence  of  the  alumni  and  bound 
them  as  never  before  into  a  great  force  working  for  the  benefit 
of  their  alma  mater.  One  of  the  first  fruits  of  his  efforts  was 
the  gift  of  T.  Coleman  du  Pont  of  half  a  million  dollars  toward 
the  purchase  of  a  new  site  for  Technology  at  Cambridge.  The 
corporation  at  the  same  time  made  up  another  quarter-million 
which  completely  paid  for  the  land.  Following  this,  with  the 
aid  of  the  alumni,  he  secured  the  passage  of  a  Massachusetts 
act  granting  additional  funds  for  the  support  of  the  school. 

When  the  site  question  was  settled  it  was  necessary  to  pro- 
cure enormous  sums  for  the  construction  and  maintenance  of 
plant,  and  with  the  enthusiastic  support  of  the  alumni  Dr. 
Maclaurin  undertook  to  raise  them.  First  came  the  gift  of 
$2,500,000  from  George  Eastman,  of  Rochester,  N.  Y.,  which 
was  closely  followed  by  other  gifts  in  sufficient  measure  to  war- 
rant the  beginning  of  construction.  Subsequent  gifts  from 
Mr.  Eastman,  made  before  1919,  amounted  to  $4,500,000,  and 
finally,  only  a  few  months  ago,  was  made  his  offer  of  $4,000,000 
contingent  upon  the  raising  of  an  additional  $8,000,000  for 
proper  financing  of  the  institute.  At  an  alumni  dinner  in  Bos- 
ton, January  10,  it  was  announced  that  the  $8,000,000  had 
been  made  up,  that  Mr.  Eastman  had  made  good  his  $4,000,000 
promise  and  that  the  Massachusetts  Institute  of  Technology 
now  has  an  additional  endowment  of  $12,000,000. 

Dr.  Maclaurin  must  be  directly  credited  with  the  creation  of 
the  organization  and  the  spirit  which  made  possible  the  sur- 
passing facilities  for  technical  education  now  possessed  by  the 
institution  whose  affairs  he  so  ably  guided. 

President  Maclaurin  was  a  member  of  the  Society  for  the 
Promotion  of  Engineering  Education  since  1909. 
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The  University  of  Minnesota. — C.  M.  Jansky,  Jr.,  was  re- 
cently appointed  an  instructor  in  electrical  engineering  at  the 
University  of  Minnesota,  to  specialize  in  radio  and  transients. 
Mr.  Jansky  is  a  graduate  of  the  University  of  Wisconsin.  He 
has  had  teaching  experience  in  the  Army  Training  Schools 
and  in  the  University  of  Wisconsin,  following  several  months 
of  research  work  on  military  intelligence  prohlems  at  the 
Western  Electric  laboratories  in  New  York  City,  which  were 
continued  at  Madison.  He  collaborated  with  his  father,  C.  M. 
Jansky,  in  writing  a  text-book  on  "Kadio  Telegraphy."  At 
the  University  of  Minnesota,  his  work  will  include  courses  with 
the  Signal  Corps  Unit  of  the  R.  0.  T.  C.  and  also  with  other 
advanced  students. 

The  College  of  Engineering  at  the  University  of  Minnesota, 
like  similar  institutions,  is  overw^helmed  this  year  with  an  un- 
precedented increase  in  the  number  of  students.  The  regis- 
tration this  year  is  about  1,150  students  in  engineering  and 
architecture  of  whom  625  are  freshmen. 

The  prospects  are  good  for  the  construction  of  the  new  Elec- 
trical Engineering  Building  in  the  very  near  future. 

University  of  Pennsylvania. — ^Mr.  Chas.  D.  Fawcett,  re- 
cently appointed  assistant  professor  of  electrical  engineering 
at  the  University  of  Pennsylvania,  graduated  from  the  Uni- 
versity of  Colorado  in  1911,  following  which  he  served  as  in- 
structor at  that  institution  for  one  year.  For  two  years  he 
worked  in  the  testing  department  of  the  General  Electric 
Company,  and  also  in  the  research  section  of  the  transformer 
department.  For  several  years  he  served  ajs  instructor  in 
electrical  engineering  at  the  University  of  Pennsylvania,  and 
in  1916  was  appointed  Assistant  Secretary  of  the  Illuminating 
Engineering  Society  with  headquarters  in  New  York. 
'    Mr.  H.  R.  West,  recently  appointed  instructor  in  the  Elec- 
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trical  Engineering  Department  at  the  University  of  Pennsyl- 
vania, is  a  graduate  of  the  University  of  South  Dakota  with 
the  degree  of  A.B.  in  1915  and  that  of  M.A.  in  1916. 

From  July  to  December,  1917,  Mr.  West  was  employed  in 
the  transmission  engineering  department  of  the  Bell  Telephone 
Company  of  Pennsylvania,  and  from  December,  1917,  to  June, 
1918,  served  in  the  operation  and  maintenance  department  of 
the  Hog  Island  Shipyard.  From  June,  1918,  to  March,  1919, 
he  was  engaged  on  submarine  detection  work  as  an  Ensign  in 
the  Navy,  being  detailed  to  the  Naval  Experimental  Station 
at  New  London,  Conn. 

Mr.  Walter  J.  Seeley,  recently  appointed  to  an  instructor- 
ship  in  electrical  engineering  at  the  University  of  Pennsyl- 
vania, is  a  graduate  of  the  Polytechnic  Institute  of  Brooklyn, 
in  the  class  of  1917.  For  two  years  following  his  graduation, 
Mr.  Seeley  was  engaged  in  research  and  development  work  on 
submarine  detection  as  an  ensign  in  the  Navy,  at  New  London, 
Conn.,  and  at  Plymouth,  England. 
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MEMBERSHIP   AND    DUTIES    OF   COMMITTEES 
OF  THE  SOCIETY. 

A  large  part  of  the  work  of  the  Society  is  conducted  by  committees 
under  the  direction  of  a  Committee  on  Committees  and  their  work  for 
the  year  1919-20  are: 

1.  Executive   Committee:    Arthur   M.   Greene,   Jr.,   W.   O.    Wiley,   and 

F.  L.  Bishop.  

2.  Publication  Committee:  Arthur  M.  Greene,  Jr.,  W.  O.  Wiley,  and  F. 

L.  Bishop. 

3.  Program  Committee:   Arthur   M.   Greene,  Jr.,   A.   A.   Potter,  F.  P. 

McKibben,  W.  O.  Wiley  and  F.  L.  Bishop. 

Committees  Nos.  1,  2  and  3  have  their  work  defined  by  the  By- 
Laws  of  the  Society. 

4.  Committees  on  Committees:   Arthur  M.  Greene,  Jr.,  W.  O.  Wiley, 

A.  A.  Potter,  F.  P.  McKibben,  Henry  S.  Jacoby,  C.  R.  Mann  and 
F.  L.  Bishop. 

7.  Institutional  Committee:   A  A.  Potter,  Chairman;  A.  F.  Barnes,  F. 

L.  Bishop,  H.  S.  Boardman,  F.  C.  Bolton,  G.  M.  Butler,  G.  A. 
Covell,  F.  T.  Dargan,  H.  L.  Dodge,  H.  S.  Drinker,  S.  B.  Earle, 
John  T.  Faig,  J.  H.  Felgar,  A.  H.  F'uller,  L.  A.  Hazeltine,  A. 
Lewis  Jenkins,  W.  H.  Kavanaugh,  R.  S.  King,  A.  S.  Langsdorf, 
A.  O.  Leuschner,  E,  J.  McCaustland,  F.  W.  McNair,  Anson 
Marstom,  Chas.  C.  More,  J.  R.  Nelson,  N.  H.  Ogden,  N.  G.  Riggs, 
Max  B.  Robinson,  E.  H.  Rockwell,  W.  S.  Rodman,  H.  B.  Shaw, 
C.  H.  Snow,  W.  E.  Stone,  O.  V.  P.  Stout,  T.  U.  Taylor,  R.  G. 
Thomas,  A.  A.  Titsworth,  John  C.  Tracy,  J.  W.  Votey,  P.  F. 
Walker. 

To  bring  the  policies  of  the  Society  to  the  attention  of  the 
executives  and  other  teachers  in  their  institutions  and  to  repre- 
sent the  Society  at  the  Institutions. 

8.  Committee  on  Admission:  0.  V.  P.  Stout,  Chairman;  J.  W.  Hallock, 

C.  E.  Magnusson  and  C.  M.  Wirick. 

Study  of  the  methods  of  admission  to  engineering  schools  in- 
cluding European  schools. 

9.  Committee  on  Administration:  F.  P.  McKibben,  Chairman;  W.  G. 

Raymond,  John-  T.  Faig. 
10.  Committee  of  Mathematics:  L.  C.  Plant,  Cimirman;  E.  R.  Hedrick 
and  C.  E.  Comstock. 

Cooperate  with  the  American  Mathematicad  Association. 
11-A.  Committee  on  Physics:   G.  W.  Stewart,  Chairman;  F.  K.  Richt- 
myer,  Barry  MacNutt  and  H.  H.  Higbie. 
Study  of  the  first  course  in  Physics. 
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11-B.  Joint  Committee  on  Chemistry:  E.  M.  Bird,  Chairman. 
American   Chemical   Society:    H.   P.   Talbot,  S.   W.   Parr   and  R.   H. 

McKee. 
Society   for  the   Promotion   of  Engineering  Education:    R.   M.   Bird, 

J.  II.  James  and  J.  R.  Withrow. 

12.  Committee  on  English:  C.  W.  Park,  Chairman;  J.  R.  Nelson,  Sada 

Harbarger  and  Frank  Aydelotte. 

Continue  the  study  of  the  present  status  of  the  teaching  of 
English  to  engineers. 

13.  Committee  on  Mechanics  and  Hydraulics:  O.  H.  Basquin,  Chairman; 

J.  E.  Boyd,  C.  H.  Burnside,  H.  F.  Moore  and  C.  I.  Corp. 
The  main  objectives  in  teaching  these  subjects. 

14.  Committee   on  Economics:    C.   C.   Williams,   Chairman;  A.  B.  Mc- 

Daniel,  P.  F.  Walker,  J.  W.  Dietz  and  E.  B.  Paine. 
Work  defined  by  Committee. 

15.  Committee  on  Civil  Engineering:   A.  H.  Fuller,  Chairman;  W.  C. 

Huntington,  H.  J.  Burt,  C.  T.  Morris  and  J.  Hammond  Smith. 
Methods  and  details  of  teaching  structural  design. 

16.  Committee   on  Mechanical  Engineering:   W.   W.   Bird,  Chairman; 

B.   W.  Benedict,   W.  W.   Carlson,  H.  Wade  Hibbard,  A.  Lewis 
Jenkins  and  A.  L.  Williston. 
Methods  of  teaching  shop  work. 

17.  Committee  on  Electrical  Engineering:   C.  F.  Harding,  Chairman; 

O.  J.  Ferguson,  Alexander  Gray,  H.  E.  Dyche,  F.  T.  Dargan,  E. 
J.  Berg  and  H.  B.  Shaw. 

A  study  of  the  present  practice  in  regard  to  the  teaching  of 
direct  currents  and  alternating  currents  versus  the  teaching  of  the 
electrical  currents. 

18.  Committee  on  Mining  Engineering:  F.  W.  Sperr,  Chairman;  E.  A. 

Holbrook,  J.  B.  Porter  and  H.  H.  Stoek. 
Continue  present  investigations. 

20.  Committee   on  the   Standardization    of   Technical  Nomenclature: 

John  T.  Faig,  Chairman;  W.   D.   Ennis,  F.   N.   Raymond,  Chas. 
Warren  Hunt  and  S.  E.  Moss. 

21.  Committee   on  R.  O.  T.  C:   Charles  S.  Howe,  Chairman;   C.  Russ 

Richards,  F.  P.  McKibben,  A.  E.  Burton,  W.  M.  Thornton,  A.  L. 
Williston,  F.  L.  Bishop. 

To  cooperate  with  the  War  Department. 

22.  Committee  on  Intelligence  Tests:  L.  L.  Thurstone,  Chairman;  Wm. 

T.    Magruder,    Anson    Marston,    Dugald    C.    Jackson    and    C.    R. 
Dooley. 

23.  Committee  to  Cooperate  with  the  American  Society  of  Mechanical 

Engineers:   C.  L.  Mees,  Chairman;  A.  B.  McDaniel,  W.  S.  Rod- 
man, E.  S.  Fessenden  and  L.  M.  Defoe. 
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Waters.   E.  O..   1316  Yale  Station. 
Wheeler,  L.  P.,  Yale  Univ. 
Wittig,  G.  F.,  Yale  Fniv. 
Wohlenberg,  W.  J..  Yale  Univ. 
New  London. — Chapman,  Lawrence  B., 

217  Pequot  Ave. 

CUBA 

Havana.— Kerr.  E.  W.,  182  C  St.,  Ve- 
dado. 

DELAWARE 

Newark. — Cullimore,  A.  R.,  Newark 
Tech.  School. 

Cummings,  H.  R..  Delaware  College. 

Harter,  G.  A.,  Delaware  College. 

Kegereis,  Roy,   South  College  Ave. 

Koerber,  G.  A,,  Delaware  College. 

Sturges.  T.  L.,  Delaware  College. 

Sypherd,  W.  O.,  Delaware  College. 
Wilmington. — duPont,   T.   C. 

DISTRICT    OF    COLUMBIA 

Washington. — Beyer,  O.  S.,  Jr.,  Di- 
rector, Plucob  Place  League. 

Boyer.  F.  Q.,  724  Southern  Bldg. 

Brandes,  F.  C,  Catholic  Univ.  of 
America. 

Capen,  S.  P.,  818  Connecticut  Ave., 
N.  W. 

De  Turk,  J.  A.,  615  Quebec  St.,  N.  W. 

Grover,  N.  C,  U.  S.  Geological  Sur- 
vey. 

Haskell,  F.   E.,  U.   S.  Patent  Office. 

Hedrick,  W.  A.,  Central  High  School. 

Hitchcock,  F.  A.,  Apt.  2,  1340  Fair- 
mount   St..   N.   W. 

Hodgkins,  H.  L.,  George  Washing- 
ton Univ. 
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Hood,  O.  P.,  1831   Irving  St.,  N.   W. 

Kay,  Edgar  B.,  1416  It  St.,   N.   W. 

Lapham,    J.   R.,    1829   G   St.,   N.   W. 

McDaniel,  Allen  B.,  Room  301,  Blc: 
O,   7th  and  B  Sts. 

McCormIck,    E.   B.,    Office   of   Public 
Roads,  U.  S.  Dept.  of  Agrlc. 

MacKavanaugh,   T.   J.,   1432   Newton 
St.,  Brookland. 

Mann,    C.    R.,    350    State,    War    and 
Navy  Bldg. 

Ockerblad,  A.  M.,  Examiner  of  Sur- 
veys, U.   S.  Forest  Service. 

Parks,  C.  W.,  Navy  Dept.,  Bureau  of 
Yards  and  Docks. 

Randall,    J,    A.,    91    Virginia    Bldg., 
18th  and  Virginia  Aves. 

Scullen,    A.    J.,    Catholic    Univ.    of 
America. 

Springer,  G.  P.,  2312  Woodrldge  St., 

N.  E. 
Weschler.  G.  A.,  Catholic  T'niv 

Woodward,   R.   S.,  The  Carnegie  In- 
stitution, 

FLORIDA 

DeLand. — Wat«rman,  I,  P. 
Gainesville.— Benton,    J.    R.,    Univ.    of 
Florida. 

Perry,  Wm.   S.    Univ.  of  Florida. 

Smith,   T.   B..   Univ.   of  Florida. 

Stivers,  E.  R.,  Univ.  of  Florida. 

Strong,  A.  J.,  Univ.  of  Florida. 

Thoroughgood,   R.  W.,  Univ.  of  Fla. 

Walker,   E.   S.,  Univ.   of  Florida. 

GEORGIA 

Atlanta.— Boerchel,   W.  H.,   Ga.   School 

of  Tech. 
Boggs,  G.  H.,  Ga.   School  of  Tech. 
Boreman,  R.  W.,  Ga.  School  of  Tech. 
Branch,  T,  P..  Ga.  School  of  Tech. 
Caldwell,  H.  H.,  Ga.  School  of  Tech 
Campanor,  J.  A..  Ga.  School  of  Tech. 
Cannon,  J.  F.,  Ga.  School  of  Tech. 
Daniel,  J.  L.,  Ga,  School  of  Tech, 
Eldred,  C.  P.,  Ga.  School  of  Tech, 
Elliott,  D.  S.,  Ga.  School  of  Tech. 
Emerson,  W.  H.,  Ga.  School  of  Tech. 
Field,  F.,  Ga,  School  of  Tech, 
I      Gilbert,  Earl  R.,  School  of  Tech. 
Gill,  L.  M.,  Ga.  School  of  Tech. 
Howell,  R.  S.,  Ga.  School  of  Tech. 
King,  R,  S.,  Ga.  School  of  Tech. 
Kirk,  R.  R.,  Ga.  School  of  Tech. 
Kneale,   R,  D.,  Ga.    School   of  Tech. 
Matheson.     K.     G..     Ga.     School    of 

Tech, 
Perry,  W,  G.,  Ga.  School  of  Tech. 
Phillips,  E.  B.,  Ga.  School  of  Tech. 
Plueddemann,    R.    O.,    Ga.    School   of 

Tech. 
Poole,   C.  P.,  P.  O.  Box  774 
Skiles,  W.  v.,  Ga.  School  of  Tech 
Tanzer,     E.    Dean,     Ga.     School     of 

Tech, 
Wallace,  S.  S.,  Ga.  School  of  Tech. 
White,  W.  R.,  97  W.  5th  St. 
Wroth,  B.  B.,  Ga.  School  of  Tech. 
Camp     Gordon.  —  Lundgren,      Leonard, 

Care  of  B.  &  R.  Office. 
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Decatur.— Graham,  P.  H.,  Agnes  Scott 
Macon.— Holder,  F.  J.,  1302  Elm  St. 

HAWAII. 

Honolulu.— Keller.    A.    R.,    Pleasanton 
Hotel. 

IDAHO 

Moscow.— Little,  C.   N.,   818   Elm   St 
Thomson,  F,  A.,  Unlv,  of  Idaho, 

ILLINOIS 
Chicago.— Anderson,     A.     H.,     Armour 
Inst,   of  Tech. 

Andros,  S.  O..  910  S.  Michigan  Blvd 

Arnold,  B.   J.,   105  S.   LaSalle  St, 

Bates,     Onward,    332    S.    Michigan 
Ave. 

Carpenter,    H.    D.,    10759    Prospect 
Ave, 

Chiles,  Geo.  S.,  American  Steel  Foun- 
dries. 

Cobb,  H.  E.,  Lewis   Inst, 

De  Puy,  C.  E.,  Lewis  Inst. 

Fixen,  V.  L.,  55  Wabash  Ave. 

Freeman,    E.    H.,    Armour    Inst,    of 
Tech, 

Frost,    Harwood,    Room    840,    10    S, 
LaSalle  St.  ,    -iv'    o, 

Gilchrist,  J.  F„  Commonwealth  Edi- 
son Co, 

Gillette,  H.  P.,  608  S.  Dearborn  St. 

Hunt,    K.    W.,    2200    Insurance    Ex- 
change Bldg. 

Kazda,  C.  B.,  Jr.  College  Crane  Tech. 
H.  S. 

Moseley,    A.   W.,   Lewis   Institute. 

Nash,  C.  A.,  Armour  Inst,  of  Tech. 

Paul,   C,   E.,  Armour  Inst,   of  Tech, 

Pence,  W,  D.,  900  S.  Michigan  Ave, 

Penn,  J.  C„  226  W.  108th  St 

Phalen,  H.  R.,  6438  Greenwood  Are, 

Raymond,    H,    M.,    Armour    Inst    of 
Tech. 

Rew,  Irwin,  108  S.  LaSalle  St. 

Rlddervold,   A,    S.,    Schmidt,   Garden 
and  Martin. 

RlUiet,  C.  E.,  655  W.   14th  St 

Rosing,  A.  S.,  7229  N.  Robey  St. 

Smith,  A,  B„  Automatic  Electric  Co, 

Thomson,   R,  D.,   L,   V.   Estes  Inc. 

Wirick,   C.   M.,   Crane  M.   T.   School. 
Decatur.- Risley,  W.  J.,  155  N.  Taylor 

Ave. 
Evanston.— Basquin,  O.  H„  225  Kedzle 
St, 

Bauer,  W,  C,  Northwestern  Univ. 

Burger,   W.   H.,   Northwestern   Univ. 

Hammer,  M,  R.,  Northwestern  Univ. 

Hayford,  J,   F.,   Northwestern   Univ. 

Phllbrick,  H.  S.,  Northwestern  Unlv, 
Lagrange.— Ayer.   A.   W.,    202   S,   Ken- 
sington  Ave. 
Oak   Park.— Potter,    J.    C,    257    Maple 
Ave. 

Williams,    S.    N.,    734    N.    Fairbanks 
Ave. 
Peoria.— BIkle,    J,     S.,    Bradley    Poly, 
Inst, 

Comstock,  C.  E.,  Bradley  Poly.  Inst 

Swaim.  Verne  F.,  Bradley  Poly.  Inst 
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TJrbana.— Baker,    Ira   O.,    Univ.    of   III. 

Benedict,  B.  W.,  Univ.  of  111. 

Brooks,    Morgan,    Univ.    of   111. 

Draffin,  J.  O.,  Univ.  of  111. 

Dunn.  Harold,  Univ.  of  111. 

Ellis,  C.  A.,  207  Engineering  Hall. 

Enger,   M.   L.,  Univ.   of  111. 

Ensign,  N.  E.,  Univ.  of  111. 

Farnham,  W.  E.,  Univ.  of  111. 

Fleming,   V.   R.,   Univ.   of  111, 

Goodenough,  G.  A.,  Univ.  of  III. 

Grennan,  John,  Univ.  of  111. 

Hall,  B.  R.,  Univ.  of  111. 

Harper.  A.  C,  Univ.  of  111. 

Hay,   Earl  D.,  Univ.  of  111. 

Hoelscher,  R.  P.,  Univ.  of  111. 

Jordan,   H.  H.,  412   N.   Elm   St. 

Kiefer,  P.  J.,  Univ.  of  111. 

Langford,  Ernest,  Univ.  of  111. 

Leutwiler,  O.  A.,  Univ.   of  111. 

Moore,  H.  F.,  Univ.  of  111. 

Newcomb,  Rexford,  Univ.  of  111. 

Newell,  F.  H.,  Univ.  of  111. 

Paine,  E.  B..  Univ.  of  111. 

Parr,  S,  W..  Univ.  of  111. 

Pickels,   G.  W.,  Jr.,  Univ.  of  111. 

Porter,  F.  M.,  Univ.  of  111. 

Provine,  L.  H.,  Univ.  of  111. 

Putnam,  W.  J.,  Univ.  of  111. 

Radebaugh,  G.  H.,  Univ.  of  111. 

Rayner,  Wm.  H.,  Univ.  of  111. 

Richards,    C.   Russ,   Univ.   of  111. 

Ricker,   N.   C,   Univ.   of  111. 

Rood,  J.  T.,  Univ.  of  111. 

Seely.  F.  B.,  Univ.  of  111. 

Smith,  J.  E.,  Univ.  of  111. 

Stoek,  H.  H.,  Univ.  of  111. 

Talbot,   Arthur  N.,   Univ.   of  111. 

Westergaard,  H.  M.,  Univ.  of  111. 

White.  J.  M.,  Univ.  of  111. 

Wilson,  W.  M.,  Univ.  of  III. 

Wolfe,  W.  S.,  Univ.  of  111. 
"Wilmette.— Burt,  H.  J.,  1027  Elmwood 
Ave. 

INDIANA 

Bloomlngton.— Hanna,    U.    S.,    Indiana 

Univ. 
Gary.— Aldrich,  Wm.  S.,  268  Chase  St. 
Indianapolis. — Garman,     H.     O.,     2062 

Meridian  St. 
LaFayette — ^Benjamin,    C.    H.,    Purdue 
Univ. 

Dukes,  R.   G.,   Purdue  Univ. 

Emrick,  P.  S.,  750  7th  Ave. 

Ewing,   D.   D.,   321   University   St. 

Greve,  F.  W.,  Jr.,  Purdue  Univ. 

Harding,  C.  F.,  Purdue  Univ. 

Hatt.  W.   K.,  Purdue  Univ. 

Hoffman,  J.  D.,  Purdue  Univ. 

Lawrence,   C,  H.,   Purdue  Univ. 

Ludy,   L.  v.,   Purdue  Univ. 

Munro,  G.  W.,  Purdue  Univ. 

Owens,   R,   H.,   Purdue  Univ. 

Poorman,  A.  P.,  Purdue  Univ. 

Rowell,  L.  D.,  Purdue  Univ. 

Rubenlioenig,  Harry.  Purdue  Univ. 

Topping,  A.  N.,  Purdue  Univ. 

Turner,  W.  P.,  Purdue  Univ. 

Wiley,  R.  B.,  Purdue  Univ. 

Young,  G.  A.,  Purdue  Univ. 
South  Bend.— Adelsperger,  Rolland. 


Terre  Haute. — Mees,  C.  L,,  Rose  Poly. 
Tech.  Inst. 
Thomas,    H.    A..    Rose    Poly.    Tech. 

Inst. 
Wagner,  F.  C,  Rose  Poly.  Tech.  Inst. 
West    LaFayette. — Blalock,    Grover    C, 
422  Vine  St. 
Eyre,   T.  T.,   125   S.  Grand  St. 
McEachnon,  K.  B..  General  Delivery. 

IOWA 

Ames.— Agg,    T.    R.,    Iowa    State   Col- 
lege. 

Bartholomew,     H.     C,    Iowa    State 
College. 

Beyer,   S.  W.,  Iowa  State  College. 

Caughey,  R.  A.,  .524  Welch  Ave. 

Chaney,   G.   A.,   Iowa   State  College. 

Cleghorn,   M.   P.,   513   Ash  Ave. 

Crum,    R.    W.,    State   Highway   Com. 

Davidson,  J.  B.,  Iowa  State  College. 

Duckering,    W.    E.,    Iowa   State  Col- 
lege. 

Fish,  F.  A.,  Iowa  State  College. 

Ford,  H.  C.  627  Northwestern  Ave- 
nue. 

Galpin,  S.  L.,  Iowa  State  College. 

Hodson,  L.  C,  Iowa  State  College. 

Kamrass,    Benj.,     Eng.     Experiment 
Station. 

Keller,  J.  O.,  1226  Second  St. 

King,  E.  E.,  Iowa  State  College. 

Kirkham,  J.  E.,  Iowa  State  College. 

Marston,  Anson,  Iowa  State  College. 

Meeker,  W.   H.,  Iowa  State  College. 

Nichols,   C.    S.,    Iowa    State   College. 

Olson,  O.  A.,  Iowa  State  College. 

Paine,  F,  D.,  Iowa  State  College. 

Pearson,  R,  A.,   Iowa  State  College. 

Spinney,   L.  B.,   Iowa   State  College. 

Starbuck,    Arward,    Iowa    State   Col- 
lege. 
Des  Moines. — Canfield,  L.  A.,  406  Flynn 
Bldg. 

Shane,   Adolph,  Des  Moines   College. 
Fairfield. — Harris,    F.    C,   The   London 

Machinery  Co. 
Iowa    City.— Dunlap,    J.    H.,    Univ.    of 
Iowa. 

Ford,  A.  H.,  Univ.  of  Iowa. 

Gilmore,  D.  P.,  412  S.  Governor  St. 

Higbee,  F.   G.,  320  Ronalds  St. 

Holmes,  F.  E.,  Univ.  of  Iowa. 

Hutchins,  R.  B.,  Univ.  of  Iowa. 

Lambert,  B.  J.,  Univ.  of  Iowa. 

Raymond,  W.  G.,  Univ.  of  Iowa. 

Stewart.  G.  W.,  Univ.  of  Iowa. 

Rietz,  H.  L.,  Univ.  of  Iowa. 

Roark,  R.  J.,  Univ.  of  Iowa. 

Woodward,  S.  M..  Univ.  of  Iowa. 

KANSAS 
Lawrence. — Ashton,    C.     H.,    Univ.    of 
Kansas. 
Brown,  F.  L.,  Univ.  of  Kansas. 
Dent,  J.  A.,  Univ.  of  Kansas. 
Hood,   G.   J.,    Univ.    of   Kansas. 
Johnson,  F,  E..  Univ.  of  Kansas. 
Jones,  F.  E.,  1714  Indiana  St. 
Jones,   J,   O.,   Univ.   of  Kansae. 
McNown,  W.  C,  Univ.  of  Kansas. 
Raymond,  F.  N.,  Univ.  of  Kansas. 
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Rice.   H.  A.,   Univ.  of  Kansas. 
Shaad,  G.  C,  Univ.  of  Kansas. 
Sibley,   F.   H.,   Univ.    of   Kansas. 
Sluss.    A.    H,,    Univ.    of   Kansas. 
Walker,  P.  F.,  Univ.  of  Kansas. 
Williams,    C.    C,    Univ.    of    Kansas. 
Wolfe,  B.  Lee,  Univ.  of  Kansas. 
Young,  C.  M.,  Univ.  of  Kansas. 
Manhattan. — Andrews,    W.    H.,    Kansas 

State  Agri.  College. 
Baiter,    C.    F.,    Kansas    State    Agrl. 

College. 
Calderwood,    Jas.    P.,    Kansas    State 

Agri.  College. 
Carlson,  W.  W..  Kansas  State  Agrl. 

College. 
Conrad,    L.    E.,    Kansas   State   Agrl. 

College. 
Fenton      Henry     H.,     Kansas     State 

Agri.  College. 
Frazler,    F.    F.,    Kansas    State   Agri. 

College. 
Furr,    M.    W.,    Kansas    State    Agrl. 

College. 
Hamilton,  J.  0.,  Kansas  State  Agrl. 

College. 
Holmes,    P.    E.,    Kansas    State   Agrl. 

College. 
Holton,    E.    L.,    Kansas    State    Agri. 

College. 
Jones,   E.   C,   1011   Kearney  St. 
Kent,    H.    L.,    Kansas    State    Agri. 

College. 
Kloeffler.   B.   G.,   Kansas   State  Agri. 

College. 
Lund,     Jacob,    Kansas    State    Agrl. 

College. 
Lynch,    D,    E.,    Kansas    State    Agrl. 

College. 
Macarthur,     J.     R.,     Kansas     State 

Agri.  College. 
Mack,  A.  J.,  Kansas  State  Agri.  Col- 
lege. 
Pearce,  C.  E.,  61.5  N.  11th  St. 
Porter,    H.    E.,    Kansas    State   Agrl. 

College. 
Potter,    A.    A.,    Kansas    State    Agri. 

College. 
Reid,  C.  E.,  Kansas  State  Agrl.  Col- 
lege, 
Remick,   B.    L.,   Kansas    State  Agrl. 

College. 
Robert,    J.    H.,    Kansas    State    Agri. 

College. 
Sanders,  W.  H.,  Kansas  State  Agrl. 

College. 
Searson,   J.   W.,  Kansas   State  Agri. 

College. 
Seaton.    R.    A,,    Kansas    State   Agri. 

College. 
Smith,    S.    A.,    Kansas    State    Agrl. 

College. 
Wendt,    W.    B.,    Kansas   State   Agrl. 

College. 
White,    A.    E.,    Kansas    State    Agri. 

College. 

ZENTTTCKY 
Lexington. — Anderson,   F.   P.,   Univ.   of 
Kentucky. 
Carrell,    W.    J.,   Univ.    of   Kentucky. 
Freeman,    Wm.    B.,    Univ.    of    Ken- 
tucky. 


Norwood,   C.   J.,  Univ.  of  Kentucky. 
Terrell.  D.  V.,  Univ.  of  Kentucky. 
Shelbyville. — Robertson,   John   E. 

LOTIISIANA 
Baton    Rouge. — Atkinson,    T.    W.,    La. 

State  Univ. 
New    Orleans. — Anderson,    D.    S.,    Tu- 
lane  Univ. 
Creighton,  W.  H.,  Tulane  Univ. 
Gregory,   W.   B.,   Tulane  Univ. 
Hogg,    Wm.    T.,    Tulane   Univ. 
Ruston. — Bogard,     Frank,     5075    Tren- 
ton St. 
Folk,  J.  Thomas,  La,   Indus,  Inst. 
Shattuck,  E.  L.,  La.  Indus.  Inst. 

MAINE 
Bangor. — Callan,  John  G.,  Eastern  Mfg. 

Co. 
Orono. — Barrows,   W.  E.,  Jr.,  Univ.   of 
Maine, 
Boardman,  H.  S.,  Univ.  of  Maine. 
Brown,  C.  B..  Univ,  of  Maine, 
Emerson,  W,  D.,  Univ.  of  Maine. 
Harvey,  J.  W.,  Univ.  of  Maine. 
Hill,  A.   St.  John.  15  Oak  St. 
Sprague,  E.  H„  Box  181. 
Sweetser,  W.  J.,  Univ.  of  Maine. 
Portland.— Little,  G.  T.,  Portland  High 

School. 
Westbrook.— Davis,  R.  E.,  195  Roches- 
ter  St. 

HAEYLAND 
Annapolis. — Doggett,     L,     A.,     U.     S. 
Naval  Academy. 
Ennis.  W.  D.,  U.  S.  Naval  Academy. 
Fox,  Earle  B.,  U.  S.  Naval  Academy. 
Gray,  John  C,  U.  S.  Naval  Academy. 
Root,  R.  E.,  7  Franklin  St. 
Scarborough,   .L   B.,   Box  332. 
Styer,   Chas.  A.,  U.   S.  Naval  Acad- 
emy. 
Baltimore.— Crosby,  W.  W.,  307  E,  30th 
St, 
Greiner,  John  E.,  Fidelity  Bldg. 
Pull  en,   M.    W.,   The  Johns   Hopkins 

Univ. 
Thomas,   C.    C,   The   Johns  Hopkins 

Univ. 
Whitehead,    J.    B.,    The   Johns   Hop- 
kins   Univ. 
Chevy    Chase. — Bates,    John    T.,    6311 

Maple  Ave. 
College  Park — Steinberg,   S.   S.,  Mary- 
land State  College. 
Easton. — Tilghman,  Harrison. 
Govans. — Randolph,  L.   S. 
Riverdale.— Halsey,  W.  D. 

MASSACHUSETTS 
AUston.— Hamlin.     Hannibal     L,,     307 

Commonwealth  Ave, 
Amherst. — Ostrander.      J.      B.,      Mass. 

Agri.   College. 
Belmont.— Gee,  George  B..  17  Vine  St. 
Boston.— Alexander,  M.  W.,  15  Beacon 
St, 
Calnan,  J,   W.,   Franklin  Union. 
Collyer,  Norman,  15  Beacon  St. 
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Dobbs,   P.   E.,   Wentworth   Inst. 
Dufour,  P.  O.,  147  Milk   St. 
Haigler,    Chas.    B.,   Wentworth   Infft. 
Hale,    Robert    S.,    939   Boyleston    St. 
Johnson,   E.   A.,   Wentworth   Inst. 
McCann,  W.  R.,  147  Milk  St. 
Morss.    Everett,   115    Commonwealth 

Ave. 
Moyer,  J.  A.,  State  House. 
Newhall,  A,  B„  Wentworth  Inst. 
Perry,  W.   H.,  Wentworth  Inst. 
Richardson,    G.    R.,    Franklin    Union. 
Russell,  W.  B.,  Franklin  Union. 
Snow,  Walter  B.,  136  Federal  St. 
Willson,   P.   G.,   Wentworth  Inst. 
Brookline. — Perry    F,    G.,    44    Winslow 

Road. 
Williston,  A.  L.,  27  Kilsyth  Road. 
Cambridge. — Adams,  Comfort  A.,  Mass. 

Inst,  of  Tech. 
Aydelotte,    Frank,    Mass.     Inst,    of 

Tech. 
Barrows,  H.  K.,  Mass.  Inst,  of  Tech. 
Breed.  C.  B.,  Mass.  Inst,  of  Tech. 
Burton,  A.   E„  Mass.   Inst,   of  Tech. 
Bush,  Vannevar,  Mass.  Inst,  of  Tech. 
Clifford,  H.  G.,  Harvard  University. 
Dawes,   C.   L.,  Harvard  University. 
Denton,  P.  W.,  12  Reservoir  St. 
Franklin,  W.  S..  Mass.  Inst,  of  Tech. 
Puller,  C.  B.,  Mass.  Inst,  of  Tech. 
Hayward,    H.    W.,    Mass.    Inst,    of 

Tech. 
Hofman,  H.  O.,  Mass.  Inst,  of  Tech. 
Hosmer,  Geo.  L„  Mass.  Inst,  of  Tech. 
Howard,  J.  W.,  Mass.  Inst,  of  Tech. 
Hughes,  H.  J..  Harvard  Univ. 
Huntington,  B.  V.,  27  Everett  St. 
Jackson,   Dugald   C,   Mass.    Inst,    of 

Tech. 
Johnson,  L.  G.,  90  Raymond  St. 
Johnston.    W.    A.,    Mass.    Inst,     of 

Tech. 
Kenison,  Ervin,  Mass.  Inst,  of  Tech. 
Kennedy,  P.  L.,  Harvard  University. 
Kennelly,  A.  E.,  Mass.  Inst,  of  Tech. 
Lawrence,  R.  R.,  Mass.  Inst,  of  Tech. 
Laws,  P.  A.,  Mass.  Inst,  of  Tech. 
Luther,  H.  B.,  Mass.  Inst,  of  Tech. 
Marks,    L.    S.,    Harvard    University. 
Norton,  A.  E.,  Harvard  Univ. 
Norton,   C.   L.,   Mass.   Inst,    of  Tech. 
O'Neill,  J.  P.,  Mass.  Inst,  of  Tech. 
Park,  C.  P.,  Mass.  Inst,  of  Tech. 
Passano,  L,  M.,  Mass.  Inst,  of  Tech. 
Porter,  Dwight,  Mass.  Inst,  of  Tech. 
Bobbins,  A.  G.,  Mass.  Inst,  of  Tech. 
Savant,  D.  P.,  28  Mellon  St. 
Seaver,  H.  L.,  Mass.  Inst,  of  Tech. 
Smyth,    H,    L.,    Harvard    University. 
Spofford,  C.  M.,  Mass.  Inst,  of  Tech. 
Sutherland,     Hale,     Mass.     Inst,     of 

Tech. 
Swain,  G.  P.,  Harvard  Univ. 
Talbot,  H.  P.,  Mass.  Inst,  of  Tech. 
Timbie,  W.  H.,  Mass.  Inst,  of  Tech. 
Tyler,  H.  W..  Mass.  Inst,  of  Tech. 
Whipple,  Geo.  C,  6  Berkeley  Place. 
Dorchester    Center. — Hawes,    J.    H.,    74 

Bernard  St. 
Jamaica    Plains. — King,    Carl,    22    Aid- 
worth  St. 
Lynn. — Moee,   S.  A,.  General   Elec.   Co. 


Millbury.— Waite,  E.  B. 
Newton.— Barba,  C.  E.,  11  Willard  St. 
Pittafield.— Blume,  L.  P.,  General  Elec- 
tric Co. 

Chesney,  C.  C,  General  Electric  Co. 

Stevens,  A.  C,  15  Pleasure  Ave. 
Tufts       College.  —  Abbott,       Robinson, 
Tufts  College. 

Adams,   Conrad  A.,  Tufts   College. 

Anthony,  G.  C,  Tufts  College. 

Burbank,  Colby  L.,  Tufts  College. 

Chase,  C.  H.,  Tufts  College. 

Knight,  N.  H.,  Tufts  College. 

Munro,  M.   S.,  Tufts  College. 

Rice,  Harris,  Tufts  College. 

Rockwell,  E.   H.,  Tufts  College. 

Rollins.  E.  B.,  Tufts  College. 

Seavey,  P.  E.,  Tufts  College. 

Sheehan,  J.  W.,  Tufts  College. 
"West    Medford. — Carroll,     H.     H.,     66 

Wyman   St. 
"West    Roxbury  — Allen,    C.    Frank,    88 

Mountview    St, 
West  Somerville. — MacNaughton,  Edgar, 
187  College  Ave. 

Rice,   Lepine  H.,  143   Powder  House 
Blvd. 
Winchester.-— Main.   C.   T.,   14   Herrick 

St. 
Worcester. — Adams,    Francis    J.,    Wor- 
cester Poly.  Inst. 

Alden,  George  I..  48  Queen  St. 

Allen,   C.   M.,   Worcester  Poly.   Inst. 

Bird,  Wm.  W..  Worcester  Poly.  Inst. 

Butterfleld,   A.   D.,   Worcester   Poly. 
Inst. 

Davis,  Jas.  C,  Worcester  Poly.  Inst, 

Pish,  E.  H.,  18  Vassar  St. 

French,  A.  W.,  Worcester  Poly.  Inst. 

Hollis,   I.   N.,   Worcester  Poly.   Inst. 

Ives,  H.  C,  Worcester  Poly.  Inst. 

Knight,  C.  D.,  Worcester  Poly.  Inst. 

Phelon,  J.  O.,  Worcester  Poly.  Inst. 

Price,  C.  B.,  Worcester  Trade  School. 

Roys,   P.   W.,   Worcester   Poly.   Inst. 

Smith,  A.   L.,  Worcester  Poly.   Inst. 

Smith,  H.  B.,  Worcester  Poly.  Inst. 

MICHIGAN 
Ann  Arbor. — Airey,  John,  Univ.  of  Mich. 
Bailey.  Benj.  P.,  Univ.  of  Mich. 
Blanchard,  A.  H.,  Univ.  of  Mich. 
Brodie,  Hugh,  Univ.  of  Mich. 
Bursley,  J.  A.,  Univ.  of  Mich. 
Cannon,    J.   H.,   120   N.   Division  St. 
Cooley,  M.  E.,  Univ.  of  Mich. 
Cox,  J.  J.,  Court  House. 
Davidson,  W.  P.,  Univ.  of  Mich. 
Emswiler,  J,  E.,  Univ.  of  Mich. 
Finch,  P.  R.,  1619  S.  University  Ave. 
Goulding,  H.  J.,  Univ.  of  Mich. 
Gram,  L.  M.,  912  Oakland  Ave. 
Higbie.  H.  H.,  Univ.  of  Mich. 
Hoad,  W,  C,  Univ.  of  Mich, 
James,  H.  C,  Univ.  of  Mich. 
Johnston,   C.  T..   Univ.   of  Mich. 
King,    H.    W.,    Univ.    of    Mich. 
Lovell.  Alfred  H.,  Univ.  of  Mich. 
Mlckle,    Prank    A.,    1031    Michigan 

Ave. 
Nelson,  J.  R.,  Univ.  of  Mich. 
Orbeck,  M.  J.,  Univ.  of  Mich. 
Parker,   J.  C.  Univ.  of  Mich. 
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RIggs,    H.    E.,    Univ.    of   Mich. 
Running.  T.   li...   1019  Michigan  Ave. 
Sadler,  H.  C,   Univ.  of  Mich. 
Stevens,  P.  H..  Univ.   of  Mich. 
White,  Albert  E.,  Univ.  of  Mich. 
Ziwet,    Alexander,    G44    Tappan    Ave. 
Zowskl-Zwlerzchowskl,    S.    J.,    Univ. 
of  Mich. 
Calumet. — MacNaughton.  Jas.,  Calumet 

&   Hecla   Mines. 
Detroit. — Hoexter,    Sam'l    J.,    55    See- 

bnldt  Ave. 
East    Lansing. — Allen,    Chester,    P.    O. 
Box  286. 
Bissell,     G.     W.,    Michigan     Agricul- 
tural Coll. 
Plant,  L.  C,  Michigan  Agrl.  Coll. 
Steward,    R.    K.,    Mich.    Agri.    Coll. 
Vedder,   n.   K.,   Michigan  Agri.  Coll. 
Houghton. — Anderson,    Wm.,    261    Flor- 
ence  St. 
Christensen.    G.    L.,    Mich.    Coll.    of 

Mines. 
Fisher,     Jas.,    Jr.,     Mich.    iColl.     of 

Mines. 
McNair,  F.  W.,  Mich.  Coll.  of  Mines. 
Richards,  T.  E.,  Mich.  Coll.  of  Minea. 
Sperr.  F.  W.,  315  Florence  St. 
Ishpeming. — Duncan,      M.      M.,      Mich. 

Coll.   of  Mines. 
Marquette. — Longyear,  J.  M. 
Saginaw    "W.    S,— Gould,    Fletcher    A., 
515  Cleveland  St. 

MINNESOTA 

Minneapolis. — Appleby,  W.  R..  Univ.  of 
Minn. 

Archibald,  Leon.  513  8th  Ave.,  S.  E. 

Bass,   Fred.,   Univ.  of  Minn. 

Brooke.  W.  E.,  Univ.  of  Minn. 

Comstock,   E.   H.,   Univ.    of   Minn. 

Eddv,   H.   T.,   916   S.   E.   6th   St. 

Flather,    J.    J.,    Univ.    of    Minn. 

Holman,  W.  F.,  Univ.  of  Minn. 

Jones.  Lauder  W.,  Univ.  of  Minn. 

Klrchner,  W.  H.,  Univ.  of  Minn. 

Mann,  C.  A.,  Univ.  of  Minn. 

Martenis,  J.   Van   S.,   131  Orbin   St., 
S    E 

Martin.'  B.  R..  Univ.  of  Minn. 

Newkirk.  B.  L.,  Univ.   of  Minn. 

Parcel,   J.   I.,   Univ.   of  Minn. 

Priester,  G.  C.  Univ.  of  Minn. 

Richards.  W.  H..  Univ.  of  Minn. 

Rowley.   F.   B.,   Univ.   of  Minn. 

Ryan,  W.  T.,  Univ.  of  Minn. 

Shenehon.    F.    C,    628    Metropolitan 
Bank   Bldg. 

Shepardson.    G.    D.,    Univ.    of   Minn. 

Shipley,   S.   C,  Univ.  of  Minn. 

Shoop,  C.   F.,  Univ.   of  Minn. 

Springer,  F.  W.,  Univ.   of  Minn. 

Todd,    M.    E.,    William    Hood    Dun- 
woody  Inst. 

Turner,  C.  A.  P.,  2675  Lake  of  Isles 
Blvd. 

Zelner.    O.    S..    Univ.    of   Minn. 
Olivia. — Hewerdine,    Thos.    S. 

MISSISSIPPI 
Agricultural  College. — Carpenter,  R.  C., 
Miss.    A.    &   M.    College. 
Patterson,  L.  L„  Miss.  A.  &  M.  Coll. 
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"University. — Dorroh,    J.    H.,    Univ.    of 
Miss. 
Hume,    Alfred,   Univ.    of   Miss. 
Mathews,  Raymond,  Box  486. 

MISSOTTRI 
Columbia. — Defoe,  L.  M.,  Univ.  of  Mo. 
Hedrick,  E.  R.,  Univ.  of  Mo. 
Hibbard,    H.    W.,    1307    Kaiser    Ave. 
Hyde,  A.  L.,  213  Tilly  Ave. 
Lanier,  A.   C,   Engineering  Bldg. 
McCaustland,  E.  J..  Univ.  of  Mo. 
Newton,  Guy  D.,  215  S.  (iarth  Ave. 
Rodhouse,  T.  J.,  Univ.  of  Mo. 
Spalding,  F.  P.,  Univ.  of  Mo. 
Stewart,  O.  M.,  Univ.  of  Mo. 
Welnbach,  M.   P.,   Univ.   of  Mo. 
Wharton,  J.   R.,   Univ.   of  Mo. 
Williams,   W.    S.,   818   Virginia   Ave. 
Kansas  City.— Ayres,  F.  H.,  Jr.  College 

of  Kansas  City. 
Harrington,    J.    L.,    1012    Baltimore 

Ave. 
Hedrick,  I.  G..  506  Interstate  Bldg. 
Kent,  J.  M.,  Manual  Training  H.   S. 
Luby,  Wm.  A.,  Jr.  College  of  Kansas 

City. 
Porter,  J.   F.,   Kansas  City  L.  &  P. 

Co. 
Rolla. — Anderson,  R.  J.,  Mo.   School  of 

Mines. 
Armsby,  H.  H.,  P.  O.  Box  701. 
Cox,  Guy  H.,  Mo.  School  of  Mines. 
Dake.  C.  L.,  Mo.  School  of  Mines. 
Garrett,  L.  E.,  Mo.  School  of  Mines 

&  Metallurgy. 
Hinsch,    Van    Buren,    Mo.    School    of 

Mines. 
McCandliss,    E.    S.,    Mo.    School    of 

Mines. 
McRae,  A.  L.,  Univ.  of  Mo. 
St.  Louis Berger,    F.   A.,    Washington 

Univ. 
Dunkel.    Otto,   Washington   Univ. 
Langsdorf.  A.   S.,  Washington  Univ. 
Ohle,    E.   L.,   Washington   Univ. 
Schmidt,  E.  C,  Union  Electric  Bldg. 
Sweetser,    E.    O..    Washington    Univ. 
Van  Ornum,  J,  L.,  Washington  Univ. 
Young.  L.  B.,  Room  805  Union  Elec- 
tric Co. 

MONTANA 
Bozeman. — Conkling,  L.  D.,  Mont.  Agrl. 
Coll. 
Hamilton,  J.  McC,  Mont.  Agri.  Coll. 
Murdock.    H.    E.,    Univ.    of   Mont. 
Norris,  Earle  B..  L"^niv.  of  Mont. 
Rlchter.  A.   W.,  Univ.  of  Mont. 
Thaler,   J.   A.,   Mont.   Agrlc.    Coll. 
Butte.— Mann.   H,   T.,    State   School    of 
Mines. 

NEBRASKA 
Lincoln.— Brackett,      Elmer     E.,     3230 
Starr  St. 
Cha.«?e.  L.  W.,  Univ.  of  Nehr. 
Chatburn,   G.  R..  Univ.   of  Nebr. 
DeBaufre.  Wm.  L..  516  S.  28th  St. 
Duff.   C.  M..   2601  R.    St. 
Ferguson,    O.     J.,    Unlv,    of    Nebr., 
Sta.    A. 
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Gehrig,    Arthur    G.,    203    Mechanic 

Arts  Bldg. 
Haney,  Jiles  W.,  Univ.  of  Nebr. 
Marvin,  H.  H.,  ITnlv.  of  Nebr. 
Mickey,    C.    E.,    Univ.    of    Nebr. 
Rasmusen,  J.  E.,  Univ.  of  Nebr. 
Sjogren,  O.  W.,  Univ.  of  Nebr. 
Slaymaker,  P.  K.,  Univ.  of  Nebr. 
Stout,   O.   V.   P..   Univ.   of   Nebr. 
Wyman.  Harriet  M.,  2345  R  St. 
Omaha.— Edgecomb,    R.    E.,    3016    La- 
fayette Ave. 


NEVADA 
-Boardman,     H.     P. 


Univ.     of 


Beno.- 

Nev. 

Haseman,    Chas.,    Univ.    of    Nevada. 
Hill,    Clifton    R.,   Univ.    of   Nevada. 

NEW  HAMPSHIRE 
Durham.— Crouch,  C.  H..  N.  H.  College. 

Hewitt,  C.  E.,  N.  H  College 

Pettee,   C.   H.,  N.  H.  College. 
Hanover. — Austin.  Frank  E.,  Box  441. 

Fletcher,    Robert,    Dartmouth    Coll. 

Holden,  C.  A.,  Dartmouth  Coll. 

NEW  JERSEY 
Belmar.— Betts,     Philander,     100     10th 

Ave. 
CoUingswood. — Dowell.  Dawson,  205  B. 

Madison   Ave. 
Elizabeth. — Hamilton,     Geo.     A.,     532 
Morris  Ave. 
Linville,    C.    P.,    408   Chilton    St. 
High    Bridge. — Taylor,    Knox,    Taylor- 
Wharton   Iron   &   Steel   Co. 
Hoboken. — Charavay,    M.    A..    Stevens 
Inst,  of  Tech. 
Furman,    F.   DeR.,    Stevens  Inst,   of 

Tech. 
Gunther,  0.  O.,  P.  O.  Box  77. 
Hazeltine,    L.    A.,    Stevens    Inst,    of 

Tech. 
Humphreys.  A.   C,    Stevens  Inst,  of 

Tech. 
Kinsey,  A.  S.,  Stevens  Inst,  of  Tech. 
Knapp,  E.  R..  Stevens  Inst,  of  Tech. 
LePage.    Clifford    B.,    Stevens    Inst. 

of  Tech. 
Pond,  F.   J.,   Stevens  Inst,   of  Tech. 
Pryor,  F.  L.,  Stevens  Inst,  of  Tech. 
Riesenberger,  Adam,  Stevens  Inst,  of 

Tech. 
Stockwell,    F.    C,    Stevens    Inst,    of 
Tech. 
Jersey  City. — Steele,  Jas.  N.,  Dickinson 

H.    S. 
Mahwah. — McMillin,    Emerson. 
Manasquan. — Moore,  G.  R.,  N.  J.  High- 
way Dent. 
Montclair. — Folwell,    A.    P.,    7    Erwin 
Park. 
Gilbreth.  F.  B.,  68  Eagle  Rock  Way. 
Hering,   Rudolph,  40  Lloyd  Road. 
Newark.— Webb,    H.    E.,    Central    Com- 
mercial and  M.  T.  H.  S. 
Weston,    Ed.,   Weston   Electrical    In- 
strument Co. 
New  Brunswick. — Brasefield,  S.  E.,  Rut- 
gers College. 
Heck,   R,  C.  H.,   Rutgers  College. 


Johnson,  A.  R,,  Rutgers  College. 

Lendall,  H.  N.,  Rutgers  College. 

Stephenson,  S.  A„  Jr.,  Rutgers  Coll. 

Thompson,    Frank    F..    The    Bayard. 

Titsworth,    A.    A.,    Rutgers   Coll. 
Princeton. — Beggs,     G.     E.,     Princeton 
Univ. 

Constant,  F.  H.,  Princeton  Univ. 

Fine.  H.  B.,  Princeton  Univ. 

Harris,  W.  B.,  Princeton  Univ. 

Smith.  H.  S.  S,,  Princeton  Univ. 

Willson,  F.  N.,  Box  63. 
Union    Hill.— Weaver,    L.    H.    A.,    229 
Fifth   St. 

NEW  MEXICO 
Albuquerque. — Coahran,  J.  M.,  Univ.  of 

New   Mexico. 
Socorro. — White,   E.   C,   Box   235. 
State    College. — Barnes,    A.    F.,    N.    M. 
Coll.  of  A.  &  M.  Arts. 
Goddard,   Ralph   W..   N.  M.   Coll.   of 

A.  &  M.   Arts. 
Hagerty,    C.    T.,    N.   M,    Coll.    of   A. 

M.  Arts. 
Jourdan,  John  W.,  N.  Mex.  A.  &  M. 

NEW    YORK 
Brooklyn. — Adler,  A.  A.,  Poly.  Inst,  of 
Brooklyn. 

Atkinson,    Fred   W.,   Brooklyn    Poly. 
Inst. 

Berry,  W.  J.,  224  St.  Johns  Place. 

Church,   E.  F.,  99  Livingston   St. 

Codwise,  H.  R.,  Brooklyn  Poly.  Inst. 

Cook,  Arthur  L.,  Pratt  Inst. 

Edmands,   S.   S.,  Pratt  Inst. 

Hammond,  H.  C.  85  Livingston   St. 

Hausmann,     Erich,     Brooklyn    Poly. 
Inst. 

Ming,  Fred  W.,  99  Lexington  St. 

Powers,   W.   P.,    1042   Union   St. 

Sheldon,     Samuel,     Brooklyn     Poly. 
Inst. 

Stevens,   E.  P.,  Pratt  Inst. 

Tonsor,  C.  A.,  226  Andrews  Ave. 

Tyler,  H.  G.,  520  Nistrand  Street. 
BuflFalo. — Flowers,  A.  E.,  National  Ani- 
line and  Chemical   Co. 

Frear,  J.  B.,  45  Taft  Place. 

Mease,  J.  A.,  92  Union  St. 

Shutt.   J.   C,   187   Auburn   Ave. 

Wing,  F.  H..  Buffalo  Public  Schools. 
Cornwall-on-Hudson. — Dougherty,  H.  R., 

N.   Y.    Military   Acdy. 
Flushing.— Oglesby,    B.    J.,    202    South 
18th  St. 

Whitmore,  R.  D.,  113  N.  13th  St. 

Williams,  J.  P.  J.,  163  N.  14th  St. 
Highbridge. — Wait,   J.   C,    1520  Jesup 

Ave. 
Hollis,  L.  I.— Bullock,  W.  E.,  Farmers 

Ave. 
Ithaca  — Barnard,  W.  N.,  Cornell  Univ. 

Barnes,  F.  A.,  Cornell  Univ. 

Church,  I.  P.,  Cornell  Univ. 

Cornell,    W.   R.,   438   N.    Aurora   St. 

Diederichs,    Herman,    Cornell    Univ. 

George,  S.  G.,  4003  Elmwood  Ave. 

Gray,    Alex.,   Cornell   Univ. 

Haskell,   E.   E.,  Cornell  Univ. 

Jacoby,    H.    S.,    105    Harvard   Place. 
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Karapetoff,    Vladimir,    Cornell    Univ. 

Kimball,  D.  S.,  Cornell  Univ. 

Leland,     O.     M.,     150     Triphammer 
Road. 

Matthews,    Robertson,    617    N.    Cay- 
uga St. 

Richtmyer,  F.  K.,  Cornell  Univ. 

Seery,  F.  J.,  504  University  Ave. 

Walker,   Chas.  I^.,   Cornell   Univ. 

Wood,  E.  H..  Cornell  University. 
Katonah. — Coster,      Edw.      L.,      White 

Hall. 
Montour  Falls. — Catlln,  W.  G.,  Box  66. 
New  York.— Avram.  M.   II.,  360  Madi- 
son Ave. 

Ball,  Albert.  Cooper  Union. 

Barney,  E.  S.,  36  Stuyvesant  St. 

Bliss,  C.  P.,  2226  Loring  IMace. 

Br>-aiis,  W.  R.,  Morris  Heights,  New 
York  Univ. 

Buck,  A.  M.,  52  Vanderbilt  Ave. 

Bump,  M.  R..  Doherty  Operating  Co. 

Burnslde,    C.    H.,    Columbia   Univ. 

Burr,    W.    H.,    120    Broadway. 

Caldwell,   Edw.,    23!>  West   39th    St. 

Carty,   J.    J.,   195   Broadway. 

Clarkson.  R.  P.,   29  Broadwav. 

Coffin,  Chas.  A..  120  Broadway. 

Crandell,  John  S.,  17  Battery  Place. 

Dietz.  J.  W.,  195  Broadway. 

Dohertv,  H.  L.,  60  Wall  Street. 

Dooley.  C.  R..  26  Broadway. 

Dunham,  Heber,   N.   Y.   Univ. 

Dunn.  Gano,  43  Exchange  Place. 

Edmondson,  T,  W.,  New  York  Univ. 

Engel,   Godfrey.  17  Battery  Place. 

Plsk,  Ira  W.,  Vanderbilt  Ave. 

Flsk,   Wilbur   C,   30   Church    St. 

Foss,  F.  E..  Cooper  Union. 

Foss,  M.  M.,   239  West  39th   St. 

Furia,  .T.  J.,  New  York  Univ. 

Goldingham,    A.    H.,    552    Riverside 
Drive. 

Goss,     W.     F,     M.,     Room     2216-61 
Broadway. 

Griswold,  R.  G.,  60  Wall   St. 

Halsey,  F.  A.,  Room  1202  115  Broad- 
way. 

Hamilton,  Edw.  P.,  432  Fourth  Ave. 

Ha  ring,      Alexander,      2259      Loring 
Place,  Bronx. 

Hartman,   F.   M.,   Cooper   Union. 

Herty,   Chas.    H.,    35    East   41st   St. 

Hooper.  B.  G..  New  York  Univ. 

Houghton.  C.  E.,  New  York  Univ. 

Hunt.  Chas.  Warren,  33  W.  39th  St. 

Jacobus,  D.  S.,  85  Liberty  St. 

Jewett.  F.  B.,  463  West  Street. 

.Tones.  F.  R.,  Ill  Broadway. 

Kinsley,  Carl,  51st  Floor,  Woolworth 
Bldg. 

Jjandreth,  O.  H.,  156  Fifth  Ave. 

Lieb,   Jr.,   John  W..   124    East   15th 
St. 

Luckp.  C.  E.,  Columbia  University. 

McAllister,  A.   S.,   Engineers  Club. 

McDonald,   P.   B.,   N.   1'.   Univ..   Uni- 
vfTsitv   Heights. 

McKee.  R.  H.,  Columbia  Univ. 

Macomber.  G.  S..  177  Broadway. 

Martin,  T.  C,   29  W.  39th   St. 

Merriman,   Mansfield,    1071   Madison 
Ave. 
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Miller,   S.  0„  Columbia  Unlv, 
Morecroft,  J.  H.,  Columbia  Univ. 
Murrie,  J.  L.,  74  Broadway. 
Norris,  H.  H.,  10th  Ave.  at  36th  St. 
Osborne,  L.  A.,  165  Broadway. 
Pegram,  Geo.  B.,  Columbia  Univ. 
Pinto,    Anthony,    Cooper    Union. 
Richards,   C.   Russell.   Cooper  Union. 
Rorty,   M.  C,   195  Broadway. 
Schwarze,    C.    T.,    Cooper   Union. 
Shaw,  II.  B..  60  Wall  St. 
Sheppard,  H.  S.,  195  Broadway. 
Slichter,   W.    I..   Columbia   Univ. 
Smith,  Richard  R.,  66  Fifth   Ave. 
Snow,  C.  H.,  New  York  Univ. 
Speirs,    Chas.    E.,    D.   Van   Nostrand 

Co..    25   Park   Place. 
Sprague,    Frank   J.,    Sprague    Safety 

Council  &  Signal  Corps. 
Stelnman,  D.  B.,  College  of  the  City 

of  N.  Y. 
Stillwell,  L.  B.,  100  Broadway. 
Storm.   E.   R.,   289   Fourth   Ave. 
Thomas,  G.  B.,  463  West  St. 
Thompson,   .las.,   239   West   39th   St. 
Turner.  D.  L.,  606  W.  116th  St. 
Veal,  C.  B.,  250  W.  .^.4th  St. 
Walker,     Amasa,     Care     Longmans, 

Green  &  Co.,  449  4th  Ave. 
Waddell,  J.  A.  L.,  35  Nassau  St. 
Watt,  H.  A.,  New  York  Univ. 
Wendell,  G.  V.,  Columbia  Univ. 
Wickenden,   W.   E,.,   463    West   St. 
Wiley,  W.  O.,  432  Fourth  Ave. 
Wolf.   Harry  J.,   65  W.  44th   St. 
Woodman,  J,  E.,  New  York  Univ. 
Potsdam. — Brooks.      J.      P.,      Clarkson 

School    of   Tech. 
Richmond  Hills.— Witham.  B.  L.,  8578 

111th   St. 
Rochester. — Piper,     F.     F.,     Mechanics 

Inst. 
Scarsdale. — Muhlfeld,      J.      E.,      Sher- 

brooke  Road. 
Schenectady. — Berg,   E.  J.,  Union  Uni- 
versity. 
Brown,   H.   W.,   417  Rugby  Road. 
Creighton,  E.  E.  F.,  27  Wendell  Ave. 
Kellogg,  E.  W.,  General  Electric  Co. 
McKibben.  F.  P..  Union  College. 
Munroe,  G.  E..  General  Electric  Co. 
Pfeif,  G.  H.,  General   Electric  Co. 
Rohrer,   A.   L.,  General   Electric  Co. 
Sayre,   M.   F.,   Union  College. 
Stone,  Chas.  W.,  General  Electric  Co. 
Taylor,    W.    C.    Union    College. 
Upson,   W.   L.,    Union   College. 
Vedder,  J.  N.,  Union  College. 
Spencerport. — Mark,   R.  M. 
Syracuse. — Graham,    Wm.    P..    Syracuee 

Univ. 
Howe,  L.  B.,  Syracuse  Univ. 
Lawton.  E.  E..'2421  So.  State  St. 
Mitchell,     Louis,     Coll.     of     Applied 

Sciences,   Syracuse  Univ. 
Northcott,   J.   A.,   Syracuse  Univ. 
Nugent,  P.  C,  Syracuse  Univ. 
Porter,    R.   A.,   861   Ostrom   Ave. 
Sarason,    S.   D.,    Syracuse   Univ. 
Taylor,  Wm.  E.,  Syracuse  Univ. 
Wharton.  -T.  H..  421  Clarendon  St. 
Troy. — Baker,  Ray  P..  Rensselaer  Poly. 

Inst. 
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Crockett,      Chas.      W.,      Rennselaer 

Poly.  Inst. 
Dibert,  H.  M.,  514  Fulton  St. 
DuPriest,    J.    R.,     Keunselaer    Poly. 

Inst. 
Greene,  Jr.,  A.  M.,  Rennselaer  Poly. 

Inst. 
Palsgi-ove,      Grant      K.,      Rensselaer 

Poly.  Inst. 
Thompson,    G.    S.,    Rensselaer    Poly. 

Inst. 
University     Heights. — Voskamp,     John 

A.,  New  York  University. 
Yonkers. — Wadsworth,  J.  E.,  American 

Bridge  Co. 
Wigley,  W.  R.,  89  Bruce  Ave. 

NORTH  CAROLINA 

Chapel    Hill.— Cobb,    Collier,    Univ.    of 
North   Carolina. 

Daggett,  P.  H.,  Univ.  of  North 
Carolina, 

Hickerson,  T.  F.,  Univ.  of  North 
Carolina 

James.  R,  L.,  Univ.  of  North  Caro- 
lina. 

Patterson,  A.  H.,  Univ.  of  North 
Carolina. 

Paull,  N,  M.,  Univ.  of  North  Carolina. 

Saville,    Thorndike,    Univ.    of    North 
Carolina. 
Durham. — Hall,   W.    H.,    1007   Lamond 
Ave. 

Richardson,    M.    R.,    618    McMannen 
St. 
Oteen.— Sanborn,   F.   E.,  U.   S.  A.  Gen- 
eral Hospital. 
"West  Raleigh. — Browne,   Wm.  H.,  Jr., 
N.    C.    Agri.    Coll. 

doyd,  E.  L.,  N.  C.  Agr.  College. 

Ellis,  W.  T.,  N.  C.  Agri.   Coll. 

Foster.  J.  M.,  N.  C.  Agri.  Coll. 

Mann,  C.  L.,  2008  Hillsboro  St. 

Summey,  Geo.  Jr.,  N.  C.  Agri.  Col- 
lege. 

Vaughan,  L.  L.,  N.  C.  Agri.  Coll. 

NORTH  DAKOTA 

Agricultural    College. — Nottingham,    A. 
R.,    N.    D.    Agri.    Coll. 
Slocum,  R.  H.,  N.  D.  Agri.  Coll. 
Ward,   Walter   G..   N,  D,  Agri.   Coll, 
Grand  Forks. — Babcock,  E.  J,,  Univ.  of 

North   Dakota. 
TTniversity. — Becker,    A,    J.,    Univ.    of 
North   Dakota. 
Chandler,  E.  F.,  Univ.  of  North  Da 

kota. 
Jenkins.  D.   R.,   Univ.   of  North  Da- 
kota. 
Wahpeton.— Rush,     H.     S.,     School     of 
Mines. 

OHIO 

Ada.— Beckwith,  W.  S.,  7185  Maine  St. 

Needy,  John  A..  Ohio  Northern  Uni- 
versity. 

Sleesman,  L.  C,  Ohio  Northern  Uni- 
versity. 

Smull,  T.  .!„  Jr.,  Ohio  Northern 
University. 


Akron. — Ayer,    Frederick    E.,    353    Car- 
roll St. 

Bulger,   John  W.,  Univ.  of  Akron. 

Durst,  Ross  C,  Univ.  of  Akron. 

Robinson,  M.  B..  Univ.  of  Akron. 

Selby,  L.  B.,   426  Hamilton  Bldg. 
Alliance. — Bowerman,    M.    Iv.,    Alliance 

Machine  Co. 
Cincinnati. — ^Braune,    G.    M.,    Univ.    of 
Cincinnati. 

Faig,  J.  T.,  Ohio  Mechanics  Inst. 

Frey,  G.  T.,  Ohio  Mechanics  Inst. 

Jenkins,  A.  L.,  Univ.  of  Cincinnati. 

June,  H.  N.,  Ohio  Mechanics  Inst. 

Long,  J.  J.,  Univ.  of  Cincinnati. 

Mavity,   V.   T.,   Univ.   of   Cincinnati. 

Molby  F.  A.,  Univ.  of  Cincinnati. 

Park.  C.  W.,  Univ.  of  Cincinnati. 

Schneider,  Herman,  Univ.  of  Cincin- 
nati. 

Schroeder,    P.    F..    Univ.    of    Cincin- 
nati. 

Slocum,  S.  E.,  Univ.  of  Cincinnati. 

Van   Ness,   L.   G.,   1431   Union  Trust 
Bldg. 

Wilson,  A.  M.,   Univ.  of  Cincinnati. 
Cleveland. — Adamson,      K.      F.,      Case 
School  of  Applied  Science. 

Benedict,    H.    G.,    2269    Grandview 
Ave. 

Comstock,  F.  M..  Case  School  of  Ap- 
plied Science. 

Coppersmith,  C.  W.,  Case  School  of 
Applied  Science. 

Danforth,  R.  H.,  Case  School  of  Ap- 
plied Science. 

Dates.  H.  B.,  Case  School  of  Applied 
Science. 

Eddy,    C.    L.,    Case    School    of    Ap- 
plied Science. 

Focke,    T.    M.,    Case    School    of   Ap- 
plied Science. 
,Greenough,  Maurice  B.,  2299  Grand- 
view   Ave. 

Howe,  C.  S.,  Case  School  of  Applied 
Science. 

Hyde,  E.  P.,  Nela  Research  Labora- 
tory. 

Miller,    D.    C,    Case    School    of   Ap- 
plied Science. 

Monroe,     W.     K.,     Brown     Hoisting 
Mchry.  Co. 

Neff,  F.  H.,  Case  School  of  Applied 
Science. 

Olmsted.   C.  T.,   Case  School   of  Ap- 
plied  Science. 

Reed.  K.  W..  Warner  &  Swasey  Co. 

Thomas,   C.   F.,   Case  School  of  Ap- 
plied   Science. 

Thomas,  C.  W.,  Case  School  of  Ap- 
plied  Science. 

Thompson,   Karl  O.,   Case   School  of 
Applied   Science. 

Trautman,  W.  D.  Case  School  of  Ap- 
plied Science. 

Vose,  F.  H.,  Case  School  of  Applied 
Science. 

Ward,    Samuel,   Case   School   of  Ap- 
plied Science. 

Wright,    A.    S.,   Case   School    of  Ap- 
plied   Science. 
Columbus. — Blake,   Fred   C,   The   Ohio 
State  Univ. 
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Boyd.    J.    E.,   The  Ohio    State   Univ. 
Bradford,    J.    N.,    The    Ohio    State 

Univ. 
Brown,  A.  I..  The  Ohio  State  TTnlv. 
Brown,  R.  A.,  The  Ohio  State  Univ. 
Bucher,  Paul.  The  Ohio  State  Univ. 
Caldwell,    F.    C.    The    Ohio    State 

Univ. 
Coddington,    E.    F.,   The   Ohio   State 

University. 
Cole.    Alfred    D.,    The    Ohio    State 

Univ. 
Demorest,    D.    J.,    The    Ohio    State 

University. 
Eno,    F.    H.,    The   Ohio   State   Univ. 
Foulk,    Chas.    W„    The    Ohio    State 

Univ. 
French,  T.  E.,  The  Ohio  State  Univ. 
Harbarger,  Sada  A.,  The  Ohio  State 

Univ. 
Henderson,    W.    E.,    The   Ohio    State 

Univ. 
Ives.   F.   W.,   The   Ohio   State   Univ. 
Judd,  Horace,  The  Ohio  State  Univ. 
Knight,  W.  A.,  The  Ohio  State  Univ. 
Magruder,   Wm.   T.,  The  Ohio  State 

Univ. 
Marlser.  Jas,.  R.,  310  Hartman  Bldg. 
Marquis,    F.    W.,    The    Ohio    State 

Univ. 
Meiklejohn,   Robert,   The  Ohio  State 

Univ. 
Morris,   C  T.,  The  Ohio  State  Univ. 
Nold,  H.  E.,  The  Ohio  State  Univ. 
Norman,    Carl    A,.    The    Ohio    State 

Univ. 
Shank,  J.  R.,  Brown  Hall,  The  Ohio 

State  Univ. 
Shepardson,   J.   E.,   The   Ohio    State 

Univ. 
Sherman,    C.    E.,    The    Ohio    State 

University. 
Stone,  J.  F.,   Care  Seagrove  Co. 
Svensen,   C.   L..   1348  Va    N.  High   St. 
Swartzel,    K.    D.,    The    Ohio    State 

Univ. 
Tumbull,    W.    D..    The    Ohio    State 

Univ. 
Williams,    O.    E.,    The    Ohio    State 

Univ. 
Withrow,    J.    R.,    The    Ohio    State 

Univ. 
Wright.  C.  A.,  The  Ohio  State  Univ. 
Dayton. — Hofman,    G.    A„    St.    Mary's 

College. 
Kettering,   C.   F.,  Dayton   Eng.   Lab. 

Co. 
Rappel,  U.  J.,  St.  Mary  College. 
Delaware. — Crane,     Rufus,     21     Wood- 
lawn   Ave. 
Granville. — Ebaugh,    W.    C,    Dennison 

Univ. 
Kent.— Babbitt.  Arthur  B. 
Lakewood. — Short,  R.  L..  High  School. 
Kavenna. — Mendenhall,    T.    C,    329    N. 

Chestnut   St. 
Toledo.— Dicks,    N.    J.,    Doherty   Train- 
ing  Schools. 
Evans.  F.  H.,  1817  Lawrence  Ave. 
Gwiazdowski,  A.  S.,  3034  La  Grange 

St. 
Scott.  L.  C,  Toledo  Univ. 


Warren. — Foster,  E.  S.,  Packard  Elec- 
tric Co. 
Wooster. — Thomas,     R.    P.,     Univ.    of 
Wooster. 
Williamson,   C.   O.,  College  of  Woos- 
ter. 

OKLAHOMA 
Norman. — Davis,  E.  S.,   Univ.  of  Okla- 
homa. 
Dodge,  H.  L.,  Univ.  of  Oklahoma. 
Felgar,  Jas.  H.,  Univ.  of  Oklahoma. 
Terrell,  R.  C,  Univ.  of  Oklahoma. 
Stillwater.— Angel,    Wm.    P.,    Okla.    A. 
&  M.  College. 
Boyd,   Alfred.   311   West  St. 
Jablow,  Charles,  Okla.  A.  &  M.  Col- 
lege. 
Olbrich.  E.  R.,  Okla.  A.  &  II.  Coll. 

OREGON 

Corvallis. — Bevan,  W,  A..  Oregon 
Agri.   College. 

Covell,  G.  A.,  Oregon  Agri.   College. 

Dearborn,  R.  H.,  Oregon  Agri.  Col- 
lege. 

Goldman,  Otto  B.,  Oregon  Agri.  Col- 
lege. 

Sims,    Stuart,    Oregon   Agri.    College. 

Strong,  R,  K.,  146  N.  12th  St. 

Teeter,  F.  A.  H.,  Oregon  Agri.  Col- 
lege. 

Wooster,  L.  F.,  Oregon  Agri.  Col- 
lege. 

PENNSYLVANIA 
Abington. — Hillegass,  H.  H. 
Allentown.— Billmyer,  C.  D..  127  N.  8th 

vSt. 

Bethlehem. — Beaver,  J.  L,  715  Frank- 
lin Ave. 

Butterfield,  T.   B.,  Lehigh  Univ. 

Charles  R.   L.,  Lehigh  Univ. 

de  Schweinitz,  B,  B.,  215  E.  Church 
St. 

Drinker,  H.  S.,  Lehigh  Univ. 

Esty,   Wm.,   Lehigh   Univ. 

Klein,  A.  W.,  402  N.  High  St 

Lambert,  P.  A.,  323  N.  Center  St. 

Larkin,  F.  V.,  Lehigh  Univ. 

MacNutt,  Barry,  Lehigh  Univ. 

Reynolds.  J.  B.,  Lehigh  Univ. 

Schealer,  S.  R.,  Lehigh  Univ. 

Seyfert,   S.   S.,  Lehigh  Univ. 

Thornburg,    C.   L.,    Lehigh   Univ. 

Weiss,  Camillo,  Bethlehem  Shipbuild- 
ing Corp.,  Ltd. 

Wilson,   W.   L.,   Lehigh  Univ. 
Bruceton. — Coatee,    A.    B.,    Bureau    of 

Mines. 
Burnham. — Fry,  L.  H. 
Canonsburg. — Ducey.  E.  J..  116  Hutch- 
inson Ave. 
Chester. — Bird,      Harold     C,      Penna. 

Military  Coll. 
Easton.— Allen.  F.  G.,  707  High  St. 

Fuller,  A.  H.,  Lafayette  College. 

Hatch.   D.   A.,   Lafayette  College. 

MacCracken,  J.  H.,  Lafayette  Col- 
lege. 

Porter,  J.  Madison.  Lafayette  Col- 
lege. 

Prentice,  D.  B.,  Lafayette  College. 


SIS 


GEOGBAPHICAL   DISTKIBUTION    OF   MEMBEESHIP. 


Spandau,    Harry   M.,   Lafayette   Col- 
East  ^littsburgh.— Coler,    C.    S.,    West- 
inghouse  E.  &  M.  Co. 

Roberts,    E.   B.,    Westinghouse   E.   & 
M.  Co. 
Erie.— Hubbard,  A.  K.,  711  W.  8th  St. 
Gettysburg.— Wing.   S.   R.,   Penna.   Col- 
lege. 

Wing,  S.  R.,  Penna.  College. 
Glen   Mills.— Gummere,    H.    V.,   Breezy 

Knoll   Farm. 
Harrisburg.- Ehlers,  H.  E.,  917  North 

17th  St. 
Haverford. — Rittenhouse,  L.  H.,  Haver- 
ford  College. 
Lansdowne.— Slagle,  W.  C.  H.,   130  N. 

Highland  Ave. 
Larimer. — Johnson,  C.  A. 
Lewisburg. — Burpee,    F,    E.,    Bucknell 
Univ. 

Lindemann,  C.  A.,  Bucknell  Univ. 
Media.— Basby,  Wm.  Jr.,  604   N.  Jack- 
son St. 
Norberth.- Porter,    Chas.   T.,   Box  620. 
Norwood. — Creagmile,    Wm.    B. 
Palmerton. — Porter,  R.  H. 
Philadelphia. — Bark,  Elmer,  5014  Gris- 
com  St. 

Benkert,   H.   N.,   5901   Christian    St. 

Berry,  H.  C,  Univ.  of  Penn. 

Billings,  J.  Harland,  Drexel  Inst. 

Bringhurst,  J.  H.,  Drexel  Inst. 

Connor,  S.  L.,  528  High  St.,  German- 
town. 

Cooke,    M.    L.,    401     West    Walnut 
Lane,    Germantown. 

Crofoot,  G.   E.,  Univ.   of  Penn. 

Day,  Chas.,  611  Chestnut  St. 

Eckel,  C.  L.,  Univ.  of  Penna. 

Evans,  H.  B..  Univ.  of  Penna. 

Fernald,  R.  H.,  Univ.  of  Penna. 

Frank,  E.  D.  A.,  Marine  Dept.,  C.  H. 
Wheeler  Mfg.  Co. 

Frazer,    John,   Univ.    of  Penna. 

Frv.   H.   P.,   Univ.    of  Penna. 

Godfrey,  Hollis,  Drexel  Institute. 

Grandlienard,  E.  T.,  T^niv.  of  Penna. 

Hall,   P.  Randolph,   Univ.   of  Penna. 

Hollister,  S.  C.  320  Wid.ener  Bldg. 

Ingram,  E,  L.,  Univ.  of  Penna. 

Jameson,  J.  M.,  Girard  College. 

Johnson,   W.  F.,   1032   S.   Ithan   St., 
West   Phila. 

Kavanaugh,  W.   H.,   Univ.  of  Penna. 

Ketchum,  M.  S.,  Univ.  of  Penna. 

Krewson,  Robt.  H.,  Univ.   of  Penna. 

Lewis,   J.   F.,   505   Brinton   St.,  Ger- 
mantown. 

Moody,  L.  F.,  408  W.  Chelten  Ave., 
Germantown. 

Morris,  John  J.,  Univ.  of  Penna. 

Neel,  Wm.  T.,   1000  Chestnut   St 

Olsen,  Tinlus,  500  North  12th  St. 

Owens,  R.  B.,  Franklin  Institute. 

Pender,  Harold,  Univ.  of  Penna. 

Prime,   A.   C,    1008   Spruce    St. 

Reed,   P.   L.,   Drexel   Institute. 

Rondinella,    L.    F..   W.   Phila.   H.    S. 
for  Bovs. 

Rowe,  W.  E.,  Drexel  Inst. 

Stanford,  J.  V.,  Univ.  of  Penna. 

Stratton,  L.  D.,  Drexel  Inst. 


Straw,  J.  B.,  4821  Walnut  St. 
Wagner,   S.  T.,   School   House  Lane, 

Germantown, 
Winter,  J.  W.,  Drexel  Inst. 
Pittsburgh.— Allen,  J.  R.  U.  S.  Bureau 

of  Mines. 
Aude,    H.    T.    R.,    Carnegie   Inst,    of 

Tech. 
Bashioum,  H.  C,  Univ.  of  Pittsburgh. 
Bishop,    F.    L.,    Univ.    of   Pgh. 
Black,  R.  M.,  Univ.  of  Pgh. 
Blakeslee,  D.  W..  217  S,  MillvaleAve. 
Bland,   J.  C,  520  Penna.   Station. 
Case,   G.   W.,   Univ.  of  Pgh. 
Crawford,    D.     F.,    5243     Ellsworth 

Ave. 
Dysart,  P.  M.,   Schenley  H.   S. 
Edgar,  R.  F.,  Univ.  of  Pittsburgh. 
Endsley,  L.   E.,   Univ.   of  Pgh. 
Foraker.   F.   A.,   Univ.   of   Pgh. 
Freeman,  P.  J.,  Pgh.  Testing  Labora- 
tory. 
Groat,  B.  P.,  2400  Oliver  Bldg. 
Hallock,  J.  W.,  Harris  Pump  &  Sup- 
ply Co. 
Hammerschlag,  A.  A.,  Carnegie  Inst. 

of  Tech. 
Holbrook,  E.  A.,  Bureau  of  Mines. 
Hower,  H.  S.,  Carnegie  Inst,  of  Tech. 
James,  J.  H.,  Carnegie  Inst,  of  Tech. 
Kingsbury,  Albert,  Oliver  Bldg. 
Knowles,    Morris,    200    B.    F.    Jones 

Law  Bldg. 
Lambie,   Jos.   S.,   Univ.   of   Pgh. 
Lincoln,  P.  M.,  6830  Thomas  Blvd. 
McCandliss,  L.  C,  Univ.  of  Pgh. 
McClelland,  E.  H.,  Carnegie  Library 

of  Pgh. 
McClintic,  H  H..  McClintic-Marshall 

Co. 
McCormick,  S.  B„  Univ.  of  Pgh. 
McCullough,    F.    M.,    Carnegie    Inst. 

of  Tech. 
Mclntyre,  L.  W.,  Univ.  of  Pgh. 
McNaugher,   D.    W.,   P.   W.    Hunt   & 

Co. 
Meller,  H.  B.,  Univ.  of  Pgh. 
Mott,  W.  E.,  Carnegie  Inst,  of  Tech. 
Prine,  C.  W.,  Carnegie  Inst,  of  Tech. 
Rath,  E.  R.,  Univ.  of  Pgh. 
Riggs,  Norman  C,  Carnegie  Inst,  of 

Tech. 
Rubey,    H.    K.,    Carnegie    Inst,    of 

Tech. 
Smith,   J.   Hammond,   Univ.  of  Pgh. 
St.  John,  E.  R.,  630  Negley  Ave. 
Stanton,  Chas.  B.,   Carnegie  Inst  of 

Tech. 
Streeter,  R.  L.,  2400  Oliver  F,ldg. 
Thayer,    H.    R.,    Carnegie    Inst,    of 

Tech. 
Thurstone.   L.   L.,   Carnegie  Inst,   of 

Tech. 
Trinks,  W.,  1410  Denniston  Ave. 
Wadsworth,  F.  L.  O.,  Drawer  1,  East 

Liberty  Sta. 
Wadsworth,  M.  E.,  P.  O.  Box  860. 
Weber,  John,  Univ.  of  Pittsburgh. 
Wenrich,  C.  N.,  Univ.  of  Pgh. 
Wolfel,  P.  L.,  McClIntlc-Marshall  Co. 
Wurts,  A.  J.,  Carnegie  Inst,  of  T*ech. 
Scranton. — Smoley,  C.  K,  International 

Text  Book  Co. 


314. 


GEOGRAPHICAL   DISTKIBUTION    OF    MEMBERSHIP. 


Spitsburgen,— Dalburc.  F.  A. 
State    College.— Fessenden,    EJ.   A,,    214 
W.  Fairmount  Ave. 
Gnmdhoeffer,  E.   F.,  412  W.  Foster 
Ham.  Wm.  R.,  Penna.  State  Coll. 
Harris,  C.  L.,  Penna.  State  Coll. 
Helman,  M.  P.,  Penna.  State  Coll 
Henshall,   P.   P.,   Penna.   State  Coll. 
Hewlett,    Van    Wyck,    I»enna.    State 

College. 
Knnze,  D.  .T.  Penna.   State  Col. 
Light,  J.  J.,  Penna.  State  Coll. 
Martin,    W.    H.,    Penna.    State    Coll. 
Miller,  N.  C.  Ponna.  Sfntr^  Ooii 
Pond,  Geo.  G.,  Penna.  State  Coil. 
Rimk.   .Tohn  C  University  Ciuh. 
Shattuck,   H.   B.,   Penna,    State   C'^l- 

lege. 
Stavely,  Earl  B..  Nittanv  Apts 
Walker,  E.  D.,  Penna.   State  Coll. 
Webber,    R.    I..    Penna.    State    Coll. 
Whitehead,  L.  W.,  Penna.  State  Coll. 
Wood,   A.   J..   Penna.    State   Coll. 
Swarthmore. — Blessing,  G.  F.,   Swarth- 
more  Coll. 
Lilly,   S.  B.,  102  Cornell  Ave. 
Temple,  W.  E.  S.,  Box  311. 
Wilkinsburg.— Dyche,  H.  E.,  317  South 

Ave. 
■Williamson     School. — Bitting,     H      S . 
Williamson    School. 
Pratt,  J.  A.,  Williamson   School. 

PORTO    RICO 

Mayaguez.— Dnffey,  C.  F.,  Box  143. 

RHODE    ISLAND 
Kingston — Dickinson.     L.     P.,     R      J. 

State  College. 
^  Wales,   R.   L.,   R.   I.    State  Coll. 
Providence. — Brooks,   J.    Ansel,   Brown 
Univ. 
Cross,  Hardy,  Brown  Univ. 
Hall,    Jas.   A.,   Brown   Univ. 
Hill,  J.   E.,   Brown  Univ. 
Kenerson,  W.  H.,  Brown  University. 
Wilmot,    Sydney,   Brown    Univ. 

SOUTH  CAROLINA 

Charleston.— LeTellier,      L.      S.,      The 
CitadeL 
Thomas.  R.  G.,  The  Citadel. 
Clemson      College. — Grossman,     R.      S., 
Clemson  College. 
Dargan.  F.  T..  Clemson  College. 
Earle.  S.  B..  Clemson  Coll. 
Houston.   Hale.   Clemson   Coll. 
Riggs,  W.  M.,  Clemf=on  Coll. 

SOUTH    DAKOTA 

Brookings — Brackett,     B.     B.,     S.     D. 
State   Coll. 
Mathews,  H.  B.,  S.  D.  State  Coll. 
Solberg,  H.   C,   S.  D.   State  Coll.   of 
Agri.  &  Mech.   Arts. 
_  Willis,  A.  J.,  S.  D.  State  Coll. 
Vermillion. — Akeley,    L.    E.,    Univ.    of 
S.   D. 
Brown.  .T.  M.,  Univ.  of  S.  D. 
Davidson,  M.   W.,  222  Pine  St. 


TENNESSEE 

Chattanooga.—Waldo,  W.  G.,  S.  Cottrell 

Precip.  Co. 
Dickson. — Snader,  D.  L 
Knoxyille.— Carson,  W.  W.,  1705  Clinch 
Ave.,  W. 
Dougherty,  N.  W.,  Univ.  of  Tenn 
Ferris,  C.  E.,  Univ.  of  Tenn. 
Lebanon.— Drane,  W.  H.,  703  W.  Main 

Memphis.— Gay,  R.  W.,  159  Aubumdale 

St 
Nashville.— McComb,     Dana    Q.,     State 
Highway  Dept. 
McNeill^    T>    TT     Tr,_  .    .  ..^  ^jjj.^ 

Schmr,  n  rbilt  Univ. 


Tr;4A.: 

Atstin.- 

let,    n. 

Univ.     of 

Tex 

Rro- 

Texas. 

Bryan 

?exas. 

Giesoc 

Texas. 

Tayloi 

'  ?xas. 

College 

:,,  A.  &  M. 

Col. 

Dougl. 

I.  Coll.  of 

Tex 

Fermi 

Coll.    of 

Tex; 

Green, 

of  Texas. 

James 

Coll.    of 

Texi 

Love, 

of  Texas. 

McAda 

.     i:..,      \.     .V 

.   Coll.   of 

Tex' 

N'  p:'.e. 

,   A.  *  W.  Co 

of  Texas. 

Puryef 

" 

Coll.    of 

Tex{ 

RIchey 

of  Texas. 

Silvey, 

of  Texas. 

Smith, 

Coll.   of 

Texf 

Fort  Blis 

te  School 

of  M 

■Fc;t  Woi 

255  Ben- 

ton  : 

Houston. - 

-Humphrey,  H.  K. 

,  Rice  Insf 

Lewis. 

F. 

J..  Rice  Institute. 

Lyle,  Wm. 

T.,  Rice  Institution. 

Miller, 

Hugh,  Rice  Institute. 

Pound. 

J. 

H.,  Rice  Institute. 

San   Antonio 

. — Turley,   Jay, 

Box   1268. 
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UTAH 

Salt    Lake    City. — Bacon,    G.    M.,    311 
Newhouse  Bldg. 
Gibson,  J.  L.,  University  of  Utah.  ^ 

Lyman,    Richard   R.,   476   S.   Temple 

St. 
Merrill,   Jos.   F.,   Univ.   of  Utah. 
Pehrson,   E.   W.,  Univ.  of  Utah. 

VERMONT 

Burlington.— Dix,  T.  W.,  Univ.  of  Ver- 
mont. 
Eaton.  .las.  R.,  08  S.  Willnrd  St. 
Eckhard  G.  F..  Univ.  of  Vermont. 
Robinson,    Edw.,    Univ.   of   Vermont. 
Thomas,    Evan,    Univ.    of    Vermont. 
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Votey,  J.  W.,  Univ.  of  Vermont. 
Towle,  W.  M.,  33  S.  Willard  St. 
Nortlifleld.  —  Beach,      Robin,      Norwich 
Univ. 
Dix.  L.  D..  5  Spring  St. 
Spencer,  F.  A.,  Norwich  Univ. 
Winslow,  A.  E.,  Norwich  Univ. 

VIRGINIA 
Blacksburg.— Campbell,    Thos.    P.,    Va. 
Poly.  Inst. 

Newman,   C.  M.,  Va.   Poly.   Inst. 

O'Shaughnessy.  Louis,   Box  177. 

Pritchard,  S.  R.,  Va.  Poly.  Inst. 
Fortress  Monroe. — Reybold.   Eugene. 
Lexington. — Humphreys,   D.   C,   W** 
&  Lee  Univ. 

Mallory,  Francis,  Va.  Milli- 
watts, C.  W.,  Va.  Milit' 
Lynchburg. — Tucker,    E 

copal   School. 
XTniversity. — Bird, 

Hancock,   Chas., 

Hoxton,   L.   G. , 

Lapham,  J.   S,  ,  ,  a. 

Newcombe,  J.     "L.  of  Va, 

Rodman,  W.   ^  I,   ,      ,.  of  Va. 

Suavely,  T.  R.     Vmv.  of  Va. 

Thornton,   W.'.H,   Univ.   of  Va. 

Yoe,  John  H.,  Un'v.  of  Va. 

■WAfHINGTOlT 
Pullman. — Carpenter,      H.      V.,     State 
Coll.   of   Wa?b 
Phelps,  H.  E.,  '.^00  Ash    m., 
Waller,  O.  L.,   State  Coll.    '^f  Wash. 
Weaver.     ^      '^iph.     State     ColV     of 
Wash. 
Seattle.— A  F.,    Univ.    of 

Wash 
Boothrr  "'"sh. 

Curtis,  L.  •  .. 
Daniels,  Jose^' 
Haviland,      Edw.  :^ 

Lighting  Co. 
Kane.  S.  M.,  Mich.  Club  Bl^v- 
Magnusson,  C.  E.,  Univ.  of  '. 
May,  Chas.  C,  B.  D.  1. 
Moore,  S.  H.,  5601  Admiral  Blvd. 
More,  C.  C,  Univ.  of  Wash. 
Roberts,  Milnor,  Univ.  of  Wash. 
Rockwell,  Robt.  L.,  955  Empire  Bldg. 
Rogers,  H.   S.,  4738  N.  4th   St. 
Wilson,  Geo.  S.,  Univ.  of  Wash. 
Winslow,  A,  M.,  Univ.  of  Wash. 
Boiling  Bay. — McCrillis,  .John  W. 
Spokane. — Ralston,    J.    C,    2421    West 
Mission  Ave. 

Tacoma Roberts,    W.    J.,    401    Court 

House. 
Walla   Walla.— Dunmore,   G.   B.,   Whit- 
man College. 

WEST   VIRGINIA 
Charleston.—Stanley,   W.   E.,   1424  Lee 

St. 
Clarksburg.— Osborne,  G.  M. 
Morgantown. — Arnett,  L.  D.,  West  Va. 
Univ.  Library. 
Boomsliter.  G.  P..  West  Va.  Univ. 
Davis,    R.    P„    West   Va.    Univ. 


Emory,  F.  L.,  West  Va.  Univ. 
Forman,  A.  H.,  Box  416. 
Grumbein,    J.    B.,    W.    Va.    Univ. 
Hall,   A.  A.,   West  Va.   Univ. 
Jones,  C.  R.,  West  Va.  Univ. 


WISf"  NSIN 


Madison. — Ben^ 


'dw.,     Univ.     of 


WiscoP'-' 
Corp.  ''  '1  Wisconsin. 

Ell'-  3f  Wisconsin. 

^  ..of  Wisconsin, 

ijniv.  of  Wisconsin, 
college  Hills. 
-V.  S.,  Univ.  of  Wisconsin. 
.11,  Jas.   S„  30  Lathrop  St. 
.,   E.   R.,   Univ.   of  Wisconsin, 
ad.   D.  W.,  Univ.  of  Wisconsin. 
.fjLillar,    A.    V.,    Univ.    of   Wisconsin. 
Mitchell,   G.   I.,    Univ.   of  Wisconsin. 
Orth,  H.  D.,  Univ.  of  Wisconsin. 
Phillips,  J.  D.,  Univ.  of  Wisconsin. 
Reber,  L,  E.,  Univ.  of  Wisconsin. 
Shuster,  J.  W.,  Univ.   of  Wisconsin. 
Smith.  L,   S.,  Univ.  of  Wisconsin. 
Thorkelson,  H.  J.,  Univ.  of  Wiscon- 
sin. 
Turneaure,   F.   E.,   Univ.  of  Wiscon- 
sin. 
Van  Hagan,  L.  F.,  Univ.  of  Wiscon- 
sin. 
Watson,  J,  W.,  Univ.   of  Wisconsin. 
Withey,  M.   O.,   Univ.  of  Wisconsin. 
Milwaukee. — Benzenberg,     G.     H.,     255 
Greenbush   St. 
Berresford,    A.    W.,    Cutler-Hammer 

Mfg.  Co. 
Brown,  C.  G..  School  of  Engineering. 
Consollver,  Earl  D.,  674  49th  St. 
Davis,  John  C,  Marquette  Univ. 
De  Lay    F.  A.,  133  Stewart  St. 
Gregg,  John  M.,  343  Newport  Ave. 
Krotzer,  F.  W. 

Perry,     C.     F.,     Milwaukee     Public 
''chools. 

-'    J.  C.  Jr.,  Marquette  Univ. 
K.  J.,  3008  Chestnut  St. 
*      373  Broadway. 

jMING 

Larami.  e,    A.    C,   Jr.,    Univ.    of 

Wyom.  ^. 
Fitterer,  J.  C,  511  South  11th  St. 
Hitchcock,  W.  A..  Univ.  of  Wyoming. 
Hoefer,  E.  G.,  Univ.  of  Wyoming. 

AUSTRALIA 

Brisbane. — Munro,     A.     R.,     Univ.     of 
Queensland. 
Tivey,    J.    P.,    Mazda    House,    Went- 
worth   Ave. 
Sydney. — Barraclough,   S.  H.,  Univ.  of 
Sydney. 
Murphy,   R.   K.,    Sydney   Tech.   Coll. 

NEW    SOUTH    WALES 

Newcastle. — Gibson,  A.  J.,  care  Broken 
Hill  Propy.,  Iron  &  Steel  Works. 
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BRAZIL 

Porto    Alegre. — Dreyer,    C.    F.,    Escola 
de   Engenharia. 
Luderltz,     Joao,     Technlco     Pi.'>fes- 
sional. 

CHILE 
Santiago    de    Chile. — Iloerning,    Carlos. 
Universldad  de  Chile. 
Matte,   Luis,   Agustinas   1.319. 
Ossa,   Gaston,   Universldad  de  Chile. 
Salazar,  A.  E..  Universldad  de  Chile. 

CHINA 

Shanghai.— Berents,     H.,     13     Nanking 

Road. 
Dlckerson,  FT.  S.,  Gov.  Inst,  of  Tech. 
Ely,  J.  A.,  St.  Johns  Univ 
Patten.  W.  E..  U.  S.  P.  O.  Box  702. 
Sheldon,  S.  R.,  U.  S.  P.  O.  Box  651. 
Vanderbeek,  H.  A.,  U.  S.  P.  O.  Box 

951. 
Tientsin — Skelton,    R.    H.,    Pel    Yang 

Univ. 

ENGLAND 
London — Spooner,   H.  J.,   Poly.   School 

of   Engineering. 
Sheffield — -Swift,      Walter.      Univ.      of 

Sheffield. 


HTTNGARY 

Budapest. — Meheley.    Kalma' 
Hungarian     Ironworks 
chinery   Factories. 

INDIA 

Madras — Naidu,    A.     S.. 
District. 
Naidu,  K.  S..  Vizayr 
Swamy.  B.  N.,   Vazr 
Bldgs. 
Deccan. — Iyer,     R.     ^ 
P.  O. 

JA!' 

Tokyo. — Hiroi,    Is 

Univ. 
Kondo.     Sent? 

Hongo. 
Kondo.  Tora' 

reau,  Hotr 


JonstantinoT 
College 
TompkiD 
Woods, 
Broa 


obert 


age. 
e    (140 


GEOGRAPHICAL   SUMMAM     o.- 


HIP, 


Alabama   11 

Arizona 5 

Arkansas 4 

California 45 

CJolorado   35 

Connecticut 31 

Cuba 1 

Delaware 8 

Dist.  of  Columbia.  24 

Florida 8 

Georgia  31 

Idaho 2 

Illinois 90 

Indiana 29 

Iowa 40 

Kansas 48 

Kentucky 6 

Louisiana    8 

Maine    11 

Maryland    17 


Massachusetts 
Michigan  . 
Minnesota 
Mississippi 
Missouri    . 
Montana   . 
Nebraska  . 
Nevada   . . 
New  Hampshire 
New  Jersey 
New  Mexico 
New  York  . 
North  Carolina 
North  Dakota 

Ohio   

Oklahoma 

Oregon 

Pennsylvania  . 
Rhode  Island  . 
South  Carolina 
South  Dakota 
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110  Tennesb.      10 

46  Texas 25 

28  Utah 5 

5  Vermont    11 

35  Virginia    18 

7  Washington 23 

16  West  Virginia  .  .  9 
3  Wisconsin   35 

6  Wyoming 4 

39  Australia 4 

6  Brazil 2 

172  Canada 30 

17  Chile    4 

8  China 7 

98  England 2 

8  Hawaii  Territory,  1 

8  Hungary   1 

163  India   4 

8  Japan  3 

7  Porto  Rico   1 

7  Turkey 3 

Total   14lO 


OF   MEMBER- 


ilCEES:    COLLEGE    AND    UNIVERSITY 


. ,  G.  C. 

.-  8by,  W.  R. 
ti'loiKon,  F.  W. 
itL-infso7\.  Thos.  W  . 
Ayerr    .(i,  E. 
Babcock,  i_.T> 
Barnes,  A.  F, 
Barney,  E.  S 
Benedict,  H. 
Benjamin,  C. 
Rantrtn.  J.  R 

.)-.  ..F, ;- .  W. 

Bl!r-f;-:n,  r    K 

£'■:■'..>", '-^   -^^ 

B 

Bt 

Be 

Br. 

Bn 

Bui 

Butici,    vjr.    m. 

Caldwell,  H.  H. 
Campbell,  T.  P. 
Cannon,  J.  F. 
Capen,   S.  P. 
Carpenter,  H.  V. 
Clifton,  H.  T. 
Coddington,  E.  F. 
Cooley,  M.  B. 
Cory,  C.  L, 
Covell,  G.  A. 
Creighton,  W.  H.  P. 
Crouch,  C.  H. 
Cullimore,   A.   R. 
Davis,  6.  J„  Jr. 
Davis,  John  C. 
Denny,  Geo.  H. 
Dorroh,  J.  H. 
Drinker,  H.  S. 
Barle,  S.  B. 
Edmands,  S.  S. 
Emerson,  Wm.  H. 
Evans,  F.  H. 
Faig,  John  T. 


Felgar,  Jas.  F. 
Ferris,  C.  E. 
Fletcher,  Robt. 
Frazer,  John. 
Gibson,  J.  L. 
Gladson,  W.  N. 
Godfrey,  Hollis. 
Graham,  Wm.  P. 
Gummere,  H.  V. 
Hamerschlag,  A.  A. 
Hamilton,  J.  McC. 
Hamlin,  Hannibal. 
Hayf  ord,  J.  F. 
proTTTi"+f    r    T?, 

H 


Jones,  Lauder  W. 
Kent,  H.  L. 
Little,  C.  N. 
Longyear,  J.  M. 
Lory,  C.  A. 
McCaustland,  B.  J. 
McCormick,  S.  B. 
McNair,  F.  W. 
McRae,  A.  L. 
MacCracken,  J.  H. 
Mann,  C.  R. 
Marston,  Anson. 
Matheson,  K.  G. 
Mees,  C.  L. 
Meller,  H.  B. 
Mendenhall,  T.  C. 
Merrill,  J.  F. 
Mott,  W.   E. 
Moyer,  J.  A. 
Norris,  Earle  B. 
Owens,  R.  B. 
Patterson.  A.  H. 
Pearson,  R.  A. 
Pegram,  G.  B. 


Perry.  C.  F. 
Pettee,  C.  H. 
Phillips,  J.  D. 
Pinney,  J.  C,  Jr. 
Pond,  G.  G. 
Potter,  A.  A. 
Pratt,  J.  A. 
Puryear,  Charles. 
Randall,  J.  A. 
Raymond,  H.  M. 
Raymond,  W.  G. 
Reber,  Louis  B. 
Rew,  Irwin. 
Reybold,  Eugene, 
ilichards,  Chas.  Russell, 
■f.jchards,  C.  Russ. 

',ichter,  A.  W. 

■psenberger,  Adam. 
;gs,  W.  M. 
.wland,  A.  J. 

.'ssell,  W.  B. 

<.*4ineider,  Herman. 

chuerman,  W.  H. 
Scipio,  L.  A. 
Scott,  L.  C. 
Sexton,  F.  H. 
Shane,  Adolph. 
Sheldon,  S.  R. 
Short,  R.  L. 
Smull,  T.  J.,  Jr. 
Snow,  Chas.  H. 
Spooner,  H.  J. 
Stevens,  B.  F. 
Stout,  O.  V.  P. 
Swift,  Walter. 
Taylor,  T.  U. 
Thach,  C.  C. 
Thorkelson,  H.  J. 
Turneaure,  F.  E. 
Vanderbeek,  H.  A. 
Vaughn.  F.   A. 
Votey,  J.  W. 
Walker,  P.  F. 
Williston,  Arthur  L. 
Wing,  Francis  H. 
Woodward,  R.  S. 


ADMINISTRATION  OFFICERS:  INDUSTRIAL 


Aldrich,  Wm.  S. 
Alexander,  M.  W. 
Andros,  S.  O. 
Ayer,  A.  W. 
Barba,  C.  E. 
Benedict,  H.  G. 
Berresford,  A.  W. 
Betts,  Philander 


Beyer.  O.  S.,  Jr. 
Billmyer,  C.  D, 
Buck,  A.  M. 
Bump,  M,  R. 
Caldwell,  Edward 
Carty,  J.  J. 
Clarkson,  R.  P. 
Coffin,  C.  A. 
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Coler,  Carl  S. 
Collyer,  Norman 
Crawford,  D.  F. 
Creagmile,  Wm.  B. 
Dalburg,  F.  A. 
Day,  Charles. 
DeTurk,  J.  A. 
Dibert,  H.  M. 
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DIemer,  Hugo 
DIetz,  J.  W. 
Dix.  N.  J. 
Doherty,  H.  L, 
Dooley,  C.  R. 
Duncan,  M.  M. 
duPont,  T.  C. 
Bngel,  Godfrey. 
Fish,   E.    H. 
Flsk,  W.  C. 
Flowers,  A.  R. 
Folwell,  A.  P. 
Foss,  Martin  M. 
Frost.  Harwood. 
Gibson,  A.  J. 
Gllbreth,  F.  B. 
Gilchrist,  J.  F. 
Goldingham,  A.  H. 
Goss,  W.  F.  M. 
Griswold,  R,  G. 
Groat.  B.  F. 
Hale,  R.  S. 
Hamilton,  Edw.  P. 


Harris,  F.  C. 
Hunt,  Chas.  Warren. 
Iyer,  R.  P. 
Johnson,  Phelps. 
Kelley,  Howard  G. 
Lieb,  J.  W. 
McCUntlc,  H.  H. 
McMillan,  Emerson. 
McNaugher,  D.  W. 
Mehely,  Kalman. 
Monroe,  W.  K. 
Mores,  Everett. 
Murrie,   J.    L. 
Olaen,  TInius. 
Osborne,  L,  A. 
Parks,  C.  W. 
Porter,  J.  F. 
Potter,  J.  C. 
Ralston,  J.  C. 
Reed,  K.  W. 
Roberts,  Emerson  B. 
Roberts,  W.  J. 
Rohrer,  A.  L. 


Shaw,  H.  B. 
Smith,  Richard  R. 
Snow,   Walter  B. 
Speirs,  Chas.  B. 
Sprague,   F.   J. 
Stone,  Julius  F, 
Swamy,  B.  N. 
Taylor,  Knox  M. 
Thompson,  James  S. 
Tousor,  Chas.  A.,  Jr. 
Turlev,  O.  J. 
Van  Ness,  L.  G. 
Veal,  C.  B. 
Wadsworth,  J.  E. 
Waldo.  W.  G. 
Walker,  Amasa. 
Weston,  Edw. 
Wickenden,  W.  I]. 
Wiley,  W.  O. 
Wills,  C.  F. 
Wolf,  Harry  J. 
Wright,  D.  M. 
Young,  Ll  E. 


Adelsperger,  Rolland. 
Baker,  Cecil  F. 
Bradford,  J.  N. 
Glesecke,  F.  E, 
Gilbert,  Earl  R. 
Harris,  C.  L, 


AaCHITECTTTRE 

June,  Henry  N. 
Moore,  Stanley  H. 
Newcomb,   Rexford. 
Provine.  L.  H. 
Ricker,  N.  C. 
Smith.  S.  A. 


Storm,  B.  R. 
Ward,  Walter  G. 
Weaver,  Rudolph 
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Ashton,  C.  H. 
Aude,  H.  T.  R. 
Becker,  A.  J. 
Beckwith,  W.  S. 
Berry,  W.  J. 
Bikle,   J.   S. 
Boerchel,  W.  H. 
Brasefield,  S.  E. 
Browne,  E.  T, 
Bulger,  John  W. 
Butterfleld,  A.  D. 
Chaney,  G.  A. 
Cobb,  H.  E. 
Comstock,  C.  B. 
Corbln,  C.  E. 
Crockett,  Cliaa.  W. 
Cummlngs,   H.   N. 
Dobbs,  F.  E. 
Dougherty,  H.  R. 
Dunkel.  Otto 
Eddy,  H.  T. 
Edmondson.  T.  W. 
Evans,  H.  B. 
Field,  F. 
Fine,  H.  B. 
Focke,  T.  M. 
Foraker,  F.  A. 
Garrett,  L.  E. 
Gunther,  Chas.  0. 


MATHEMATICS 

Hagerty,  C.  T. 
Haigler,  Chas.  E. 
Hanna,  U.  S. 
Barter,  G.  A. 
Haseman,  Charles. 
Haskell,  M.  W. 
Hatch,  David  A. 
Hedrlck,  E.  R. 
Hinsch,  Van  Buren 
Holder,  F.  J. 
Hosklns,  L.  M. 
Huntington,  E.  V. 
Lambert,  P.  A. 
Leonard,  Heman  Burr 
Luby,  Wm.  A. 
MacDonald,  S.  L. 
Mathews,  R.  M. 
Murray,  D.  A. 
Northcott,  J.  A. 
Oglesby,  E.  J. 
O'Shaughnessy,  Louis. 
Parsons,  F.  W. 
Passano,  L.  M. 
Pehrson,  E.  W. 
Phalen,  Harold. 
Plant,  L.  C. 
Porter,  H.  E. 
Priester,  G.  C. 
Remick,  B.  L. 
Reynolds,  J.  B. 


Rice,  Harris 
Rice,  Lepine  H. 
Richardson,  M.  R. 
Rietz,  Henry  L. 
Risley,  W.  J. 
Root,  R.  E. 
Running,  Theo,   R. 
Scarborough,  J.  B. 
Skiles,  W.  V. 
Slichter,  C.  S. 
Slocum,  S.  E. 
Smith,  P.  F. 
Sperry,  C.  S. 
Swartzel,  K.  D. 
Taylor,  Wm.  B. 
Thomas,  C.  F. 
Thomas,  Evan. 
Thomas,  R.  P. 
Thomburg,  C.  L. 
Tucker,  B.  N. 
Tyler,  H.  W. 
VanBuskirk,  H.  C. 
Watts,  C.  W. 
Weaver.  Warren. 
Webb,  H.  E. 
White,  A.  E. 
White,  W.  R. 
Williamson,  C.  O. 
Wirick.  C.  M. 
Ziwet,  Alexander. 


MECHANICAL  ENGINEERING 


Adams,  W.  H. 
Adamson,  K.  F. 
Alden,  George  I. 
Allen,  C.  M. 
AUen,  J.  R. 
Anderson,  A.  H. 
Anderson,  William. 
Arkley,  L.  M. 
Avram,  M.  H. 
Baender,  F.  G. 
Bark,  Elmer. 
Barnard,  W.  N. 
Barraclough,  S.  H. 
Bates,  J.  T. 
Bauer,  F.  S. 
Benedict.  H.  G. 
Berger,  F.  A. 
Billings.  .T.  Harland 
Bird,  Wm.  W. 
Blessing,  G.  F. 
Bliss,  C.  P. 
Bowerman.  M.  R. 
Boyer,  F.  Q. 
Bray.  H.  C.  C. 
Breckenrldge,  L.  P. 
Brown,  A.  I. 
Buoher.  Paul. 
Bullock,  W.  E. 
Burpee,  F.  E. 
Burslev,  J.  A. 
Butterfleld.  T.  E. 
Calderwood,  Jns.  P. 
Callan,  John  G. 
Carlson.  W.  W. 
Carpenter,  Randle  C. 
Chapman.  L.  B. 
Charavay,  M.  A. 


Chase,  C.  H. 
Chiles,  Gea  S. 
Christensen,  Geo.  L. 
Church,  E.  F.,  Jr. 
Cleghorn,  M.  P. 
Coates,  Arthur  B. 
Consoliver,  Earl  L. 
Cooke,  M.  L. 
Corp,  C.  I. 
Grain,  L.  D. 
Crofoot,  G.  B. 
Dauglxerty,  R.  L. 
Davidson,  M.  W. 
Dearborn,  C.  S. 
DeBaufre.  Wm.  L. 
Dent,  J.  A. 
DePuy,  C.  E. 
Dickerson,  H.  S. 
Diederichs,  Herman. 
Domonoske,  A.  B. 
Dowell,   Dawson. 
Dreyer,  C.  F. 
Dunn,  Harold 
DuPriest.  J.  R. 
Durand,  W.  F. 
Bhlers,  H.  E. 
Elliott,  B.  G. 
Emerson,  Walter  D. 
Emswiler.  J.  E. 
Endsley.  L.  B. 
Ennis.  W.  D. 
Eyre,  T.  T. 
Fermler,  E.  J. 
Fernald,  R.  H. 
Fessenden,  E.  A. 
Flather,  J.  J. 
Folk,  J.  T. 


Frank.  E.  D.  A. 
Frear.  J.  B. 
Fry,  Lawf ord  H. 
Goldman,  Otto  B. 
Goodenough,  G.  A, 
Greene,  A.  M.,  Jr. 
Gregory,  W.  B. 
Grumbein,  J.  B. 
Grundhoeffer,   E.   F. 
Gwiazdowski,    A.    S. 
Hall,  James. 
Hall,  W.  H. 
Hallock,  J.  W. 
Halsey,  F.  A. 
Halsey,  W.  D. 
Hammer,    M.    R. 
Hancock.  Chas. 
Haney.  J.  W. 
Heck,  Robert  C.  H. 
Helman,  M.  P. 
Hewlett,  Van  Wyck. 
Hibbard,  H.  Wade. 
Hixon,  C.  R. 
Hoefer,  E.  G. 
Hoerning,  Carlos. 
Hofmann.   G.  A. 
Hood,  O.  P. 
Howell.  R.  S. 
Hunt,  Robert  W. 
Hunter,  J.  A. 
Jablow,  Charles. 
Jacobus,  D.  S. 
.Jenkins.  A.  R. 
Jones,  E.  C. 
Judd,  Horace. 
Kane.  S.  >£. 
Kavanaugh, W.  H. 
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Keller,  J.  O. 
Kenerson,  W.  H. 
Kent,  J.  M. 
Kerr,  E.  W. 
Kiefer,  P.  J. 
King,  R.  S. 
Kingsbury,  Albert. 
Kinsey,  A.  S. 
Klein,  A.  W. 
Kunze,  B.  J. 
Lapham,  J.  S. 
Larkin,  F.  V. 
Larson,  G.  L. 
LeConte,  J.  N. 
Leutwiler,  O.  A. 
Light,  J.  J. 
Lucke,  C.  E. 
Ludy,  L.  V. 
Lockwood,  E.  H. 
McKergow,  C.  M. 
Mack,  Albert  J. 
MacNaughton,  Edgar. 
Magruder,  Wm.  T. 
Main;  C.  T. 
Mallory,  W.  F. 
Marks.  L.  S. 
Marquis,  F.  W. 
Martenis,  J.  Van  S. 
Martin,  W.  H. 
Matthews,  Robertson. 
Meeker,  W.  H. 
Mickle,  Frank  A. 
Miller,  K  C. 
Ming,  Frederick 
Mitchell,  Grover  L 
Moody,  L.  F, 
Morse,  J.  L. 
Moseley,  A.  W. 


),  S.  A. 
Moyle,  M.  W. 
Muhfeld,  J.   E. 
Munro,  A.  R. 
Munro,  G.  W. 
Needy,  John  A. 
Kewton,  Guy  D. 
Norton,  A.  E. 
Nottingham,  A.  R. 
Ohle,  E.  L. 
Olson,  O.  A. 
O'Neill,  J.  F. 
Palsgrove,  Grant  K. 
Park,  C.  F. 
Parkin,  J.  H. 
Perry,  W.  H. 
Philbrick,  H.  S. 
Poole,  Cecil  P. 
Porter.  Chas.  T. 
Porter,  R.  H. 
Pound,  J.  H. 
Prentice,  D.  B. 
Pryor,  F.  L. 
Raber,  B.  F. 
Rasmusen,  J.   E. 
Richardson,  G.  R. 
Robinson,  Edw. 
Robinson,  M.  B. 
Roe,  J.  W. 
Rowley,  F.  B. 
Rubenkoenig,  Harry 
Runk,  John  C, 
Sadler,  H.  C. 
Sanborn.  F.  B. 
Sanders,  W.  H. 
Schmidt,  B.  C. 
Seward,  H.  L. 
Shattuck^  E.  L. 


Shipley,  S.  C. 

Shoop,  C.  F. 

Shutt,  J.  C. 

Sibley,  F.  H. 

Simmering,  S.  L. 

Sluss,  A.  H. 

Smith,  Harry  B. 

Soiberg,  H.  C. 

Stanford,  J.  V. 

Streeter,  R.  L. 

Sullivan,  Geo.  L. 

Sweetser,  W.  J. 

Thomas,  C.  C. 

Trinks,   W. 

Turnbull,  W.  F. 

Tyler,  H.  G. 

Vaughan,  L.  L. 

Vedder,  J.  N. 

Vose,  F.  H. 

Wagner,  F.  C. 

Waite,  E.  B. 

Wales,  R.  L. 

Walker,  E.  S. 

Weaver.  L.  H.  A. 

Weber,  John. 

Weschler,  G.  A. 

Wharton.  James  R. 

Wigley,  W.  R. 

Wilmore,  J.  J. 

Wilson.  Geo.  S. 

Wing,  S.  R. 

Winslow.  A.  M. 

Winter,  J.  W. 

Wohlenberg,  W,  H. 

Wood,  A.  J. 

Young.  G.  A. 

Zowski-ZwIerzchowskl.S.J. 


MECHANICS  AND  MATERIALS 


Adams.  Conrad  A. 
Basquin,  O.  H. 
Becker,  A.  J. 
Boomsliter,  G.  P. 
Boyd,  J.  E. 
Brooke,  W.  E. 
Brooks,  J.  Ansel. 
Brown,  F.  L. 
Burnside,  C.  H. 
Chatburn,  G.  R. 
Church,  I.  P. 
Cornell,  W.  R. 
Danforth,  R.  H. 
Defoe,  L.  M. 
Draffin,  J.  O. 
Dukes,  R.  G. 
Enger,  M.  L. 
Ensign,  N.  B. 


Fleming,  V.  R. 
Freeman,  P.  J. 
Fuller,  C.  E. 
Hayward.  H.  W. 
Holman,  W.  F. 
Holmes,  F.  E. 
Houghton,  C.  B. 
Hutchins,  R.  E. 
Johnston,  W.  A. 
King,  Carl. 
Lawrance,  C.  H. 
McGowan,  John. 
Mathewson.  J.  S. 
Maurer.  E.  R. 
Moore,  H.  F. 
Newklrk,  B.  L. 
Olmsted.  Chas.  T. 
Paul,  C.  E. 


Poor  man,  A.  P. 
Putnam,   Wm,   J. 
Riggs,  N.  C. 
Roark.  E  arm  end  J. 
Robert.  J.   H. 
Roys,  F.  W. 
Sayre,  M.  F. 
Seaton.  R.  A. 
Seely,  F.  B. 
Stevens,  F.  H. 
Talbot,  Arthur  N. 
Thompson,  G.  S. 
Thornton,  W.  M. 
Wendt,  W.  B. 
Westergaard,  H.  M, 
Withey,  M.  O. 
Wood,  E.  H. 
Woodward,  S.  M. 


Black,  R.  M. 
Boyle,  A.  C,  Jr. 
Chedsey,  W.  R. 
Cobb,  Collier. 
Comstock,  E.  H. 
Denton,  F.  W. 
Dyer,  F.  C. 
Haultain.  H,  E.  T. 


MINING  ENGINEERING 

Hodson,  L.  C. 
Holbrook,  E.  A. 
Hoover.  Theodore  J. 
Kldd,  J.  W. 
MacNaughton,  .Tas. 
Munroe,  H.  S. 
Nold,  H.  E. 
Norwood,  C.  J. 


Porter,  J.  B. 
Probert,  F.  H. 
Roberts.  Milnor. 
Smvth,  H.  L. 
Sperr,  F.  W. 
Stoek,  H.  H. 
Thomson,  Francis  A. 
Wolfe,  B.  Lee. 
Young,  C.  M. 
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Angel,  Wm.  P. 

Avrcs,  F.  H. 
Ball,  Albert. 
Sevan,  W.  A. 
Blake,  Fred  C. 
Boreman.  R.  W. 
Brown,  S.  L. 
Charles,  R.  L. 
Cole,  Alfred  D. 
Cooper,  F.  L. 
Dadourlan,  H.  M. 
D(Hl>re.  11.  L. 
Douglas,  J.  F.  H. 
Dysart,  P.  M. 
Elliott,  D.  S. 
Fisher.  James. 
Franklin,  W.  S. 
Furia.  John  J. 
Gilmore,  L.  H. 


PHYSICS 

Graham,  P.  H. 
Grondahl,  L.  O. 
Ham,  Wm.  R. 
Hamilton,  J.  O. 
llausinan,  Erich 
Hedrlck,  Wm.  A. 
Hitchcock,  Geo.  Q. 
Hower,  H.  S. 
Hoxton.  L.  G. 
Ilydo.  K.  P. 
Knight,  N.  n. 
Kovarik,  Alois  F. 
LePage,  CllCford  B. 
Lester.  O.  C. 
MacNutt,  Barry. 
Mallory,  Francis. 
Marvin,  H.  H. 
Mathews,  H.  B. 
Miller,  Dayton  C. 


Molby,  F.  A. 
Norton,  C.  L, 
Nyswanfler,  R.  B. 
Ossa,   Gaston. 
Perry,   Wm.    S. 
Person,   Fred  G. 
Porter,  R.  A. 
Prine,  C.  W. 
Randolph,  Oscar  A. 
RIchtmyer,  F.  K. 
Silvey,  O.  W. 
Snader,   David  L. 
Spinney,  L.  B. 
Stewart,  G.  W. 
Stewart,  O.  M. 
Swaim,  Venie  F, 
Wendell,  G.  V. 
Wenrich,  C.  N. 
Wheeler,  L.  P. 
Woodrow,  Jay   W. 


Barney,  S?^  E. 
Case,  George  W. 
Dimlap,  J.  H. 
Eno,  F.  H. 
Hawley,  J.  B. 
Bering,  Rudolph. 


SANITARY  EN6INEEBIK0 

Hoad,  W.  C. 
Kay.  Edgnr  B. 
Knowles,  Morris. 
Long,  J.  J. 
Lund,  Jacob. 
Mead,  D.  W. 


Naidu,  K.  S. 
Osborn,  G.  M. 
Saville,  Thorndlke. 
Walker,  Chas.  L. 
Walker,  B.  D. 
Whipple.  G.  C. 
Wiley,  Ralph  B. 


SHOP  AND  MECHANIC  ARTS 


Airey,  John. 
Benedict,  B.  W. 
Carlson.  W.  W. 
Davis,  E.  S. 
Eaton,  J.  S. 
Ellis,  Frederick. 
Goddard,  A.  L. 
Gremnan,  John 


Hall,  Burrill  R. 
Hall,  P.  R. 
Hendry,  W.  S. 
Hoexter,  S.  J. 
Holmes,  Paul  E. 
Johnson,  E.  A. 
Jones,  F.  E. 
Knight,  W.  A. 
Krewson,  R.  H. 


Lynch,  D.  B. 
Morris,  J.  J. 
Newhall,  A.  B. 
Radebaugh,  G.  H. 
Richards,  Wm.  H. 
Rilliet.  Chas.  E. 
Scott,  Luther  C. 
Steele,  J.  N. 
Turner,  W.  P. 


MISCELLANEOTTS 


Arnett,  L.  D. 
Avram.  W.  H. 
Coster,  E.  L. 


Pluddemann,  R. 
Richards,  T.  B. 
Selby,  L.  B. 


Thurstone,  L.  L. 
Turner,  C.  A.  P. 
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SUMMARY  BY  OCCUPATIONS. 

/^«^            >  ^ — ^College  and  University  138 

Administration  Officers:    ^  _g_ij,^^3trial 94 

Arehiteeture    ^'^ 

Agricultural  Engineering 9 

Chemistry 26 

Civil  Engineering ^29 

Electrical  Engineering  215 

Geology  and  Metallurgy 1^ 

Industrial  Engineering ^ 

Language    26 

Macliine  Design  and  Drawing  ^"^ 

Mathematics    90 

Mechanical  Engineering 224 

Mechanics  and  Materials ^^ 

Mining  Engineering  25 

Physics  ^ ' 

Sanitary  Engineering  19 

Shop  and  Mechanic  Arts 26 

Miscellaneous ^ 

Total    1440 


GROWTH    OF    MEMBERSHIP.* 


(about) 


Aug.  20,  1894 156 

Sept.  2,  1895 184 

Aug.  20,  1896 200 

Aug.  16,  1897 203 

Aug.  18,  1898 226 

Aug.  17,  1899 238 

July  2,  1900 249 

June  29,  1901 261 

June  27,  1902 253 

July  1,  1903 271 

Sept.  1,  1904 325 

June  28,  1905 379 

July  2,  1906 400 

July  1,  1907 415 

June  27,  1908 675 

June  24,  1909 759 

June,  23,  1910 848 

June  27,  1911 1,071 

June  1912 1,102 

June,  1913 1,158 

March,  1914 1,339 

July  1,  1915 1,452 

March,  1916 1,504 

March,  1917 1,505 

March,  1918 1,506 

April,  1920 1,511 

*  These  figures  are  taken  from  the  reports  of  the  Secretary,  presented 
at  the  annual  meetings,  except  the  figures  for  1914  which  were  taken 
from  the  corresponding  year  book. 


327 


CONSTITUTION 

OP  THE 

Society  for  the  Promotion  of   Engineering  Education 


1.  Name — This  organization  shall  be  called  the  Society  for  the  Pro- 
motion OP  Engineering  Education. 

2.  Members — Membership  in  the  Society  shall  be  of  two  general 
classes,  Institutional  and  Individual. 

Institutional  members  shall  be  educational  institutions  giving  instruc- 
tion in  engineering  and  scientific  subjects. 

Individual  membership  shall  be  of  two  classes,  Active  and  Honorarj. 
It  shall  comprise  those  persons  who  occupj  or  have  occupied  responsible 
positions  in  the  work  of  engineering  instruction,  together  with  engineer- 
ing practitioners  and  other  persons  interested  in  engineering  education. 

Honorary  Members  of  the  Society  shall  be  such  persons  as  may  be 
recommended  by  unanimous  vote  of  the  Council  after  a  letter  ballot. 
In  taking  this  ballot,  the  Secretary  is  directed  to  close  the  polls  one 
month  after  the  names  of  the  candidates  are  sent  out.  Councilors  not 
heard  from  will  be  counted  in  favor  of  the  candidate.  Honorary  Mem- 
bers shall  not  have  the  right  to  vote,  shall  not  be  eligible  to  office,  and 
shall  not  be  required  to  pay  any  fees  or  dues. 

Any  individual  member  not  in  arrears  for  dues  may  become  a  Life 
Member  by  paying  Fifty  Dollars  into  the  treasury  of  the  Society  at 
one  time. 

The  name  of  each  candidate  for  individual  membership  shall  be  pro- 
posed in  writing  to  the  Council  by  two  members  by  whom  he  is  per- 
sonally known.  In  the  case  of  a  candidate  for  Institutional  membership 
the  name  shall  be  proposed  by  any  member  familiar  with  the  work  of  the 
institution  on  receipt  of  an  application  signed  by  a  responsible  officer 
thereof.  Such  name,  if  approved  by  the  Council,  shall  be  voted  on  by 
the  Society  at  the  annual  meeting,  a  vote  of  three-fourths  of  those  present 
being  required  to  elect;  or,  during  the  period  between  annual  meetings, 
an  affirmative  letter  ballot  of  three-fourths  of  those  members  of  the 
Council  whose  vote  reaches  the  Secretary  within  one  month  from  the  time 
of  sending  out  the  name  of  the  candidate  shall  elect.  Such  letter  ballot 
elections  shall  be  credited  to  the  previous  annual  meeting  and  dues  shall 
date  from  that  time,  except  that  elections  to  membership  occurring  after 
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February  1  shall  be  credited  to  the  next  annual  meeting  and  the  dues 
for  the  remainder  of  the  year  shall  be  one-half  the  annual  dues. 

3.  Officers — There  shall  be  a  President,  two  Vice-Presidents,  a  Sec- 
retary and  a  Treasurer,  each  to  hold  office  for  one  year,  or  until  their 
successors  have  been  elected  and  have  qualified.  The  Officers  shall  be 
elected  by  ballot  of  the  Society  at  the  annual  meeting. 

4.  Council — The  Council  of  the  Society  shall  consist  of  twenty-one 
elective  members,  one-third  of  whom  shall  retire  annually.  The  Officers 
and  the  Past  Presidents  of  the  Society  shall  be  members  of  the  Council 
ex-officio. 

Any  member  of  the  Society  shall  be  eligible  to  election  to  the  Council, 
provided  that  not  more  than  one  elective  member  shall  be  from  any  one 
college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the  Society  at  its 
annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the  Society, 
pass  on  proposals  for  membership,  elect  candidates  ad  interim,  attend 
to  all  business  of  the  Society,  receive  and  report  on  propositions  for 
amendments  to  the  constitution,  and  shall  have  power  to  fill  temporary 
vacancies  in  the  offices. 

The  President  of  the  Society  shall  be  Chairman  of  the  Council,  and 
the  Secretary  of  the  Society  shall  be  Secretary  of  the  Council  and  shall 
keep  the  minutes  of  its  meetings  and  an  accurate  record  of  all  its  actions. 

When  votes  taken  by  letter  ballot  of  the  Council  shall  be  required,  all 
votes  which  reach  the  Secretary  within  one  month  from  the  time  of  send- 
ing out  the  ballots  shall  be  counted,  but  votes  reaching  the  Secretary 
later  than  the  time  here  specified  shall  not  be  counted. 

5.  Nominating  Committee — The  Nominating  Committee  shall  consist 
of  the  Past  Presidents  and  the  seven  elective  members  of  the  Council 
retiring  the  following  year,  provided,  however,  that  if,  of  this  committee, 
the  number  in  attendance  at  any  meeting  be  less  than  five,  the  President 
shall  make  appointments  so  as  to  form  a  committee  of  five. 

6.  Fees  and  Dues — The  admission  fee  for  an  individual,  active  mem- 
ber, which  shaU  also  include  the  first  year's  dues,  shall  be  Four  Dollars 
($4.00),  and  the  annual  dues,  which  shall  include  the  subscription  price 
of  the  Bulletin,  provided  for  in  Art.  8,  shaU  be  Four  Dollars  ($4.00), 
payable  at  the  time  of  the  annual  meeting. 

The  admission  fee  for  institutional  members,  which  shall  also  include 
the  first  year's  dues,  shall  be  Ten  Dollars  ($10.00),  and  the  annual  dues, 
which  shaU  include  the  subscription  price  of  three  copies  of  the  Bulletin, 
and  of  the  Proceedings,  provided  for  in  Art.  8,  shall  be  Ten  Dollars 
($10.00),  payable  at  the  time  of  the  annual  meeting. 

The  fiscal  year  shall  end  with  the  close  (or  adjournment)  of  the  annual 
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meeting.  Those  in  arrears  more  than  one  year  shall  not  be  entitled  to 
vote,  nor  to  receive  copies  of  the  Proceedings,  and  such  members  shall  be 
notified  thereof  by  the  Secretary  one  month  previous  to  the  annual  meet- 
ing. Any  member  who  has  been  in  arrears  more  than  two  years  and  duly 
notified  by  the  Secretary,  shall  be  dropped  from  the  roll,  until  such 
arrearages  are  paid. 

7.  Meetings — There  shall  be  an  annual  meeting  at  such  time  and  place 
as  the  Society  at  the  preceding  annual  meeting,  or  the  Council  may 
determine. 

8.  Publications — The  publications  of  the  Society  shall  include  an 
annual  volume  of  Proceedings,  to  be  published  and  distributed  to  the 
membership  as  soon  as  possible  after  the  annual  meeting;  and  a  monthly 
Bulletin,  to  be  published  from  September  to  June,  inclusive. 

9.  Amendments — This  Constitution  may  be  amended  by  a  two-thirds 
vote  of  those  present  at  any  regular  meeting  of  the  Society  provided  the 
amendment  shall  have  been  approved  by  the  Council  by  letter  ballot  by 
a  two-thirds  vote  of  the  members  voting. 


BY-LAWS  OF  THE  SOCIETY  AND  EULES  GOVEENING 
THE  COUNCIL. 

First.  The  Officers  of  the  Society  shall  constitute  a  Committee  to 
arrange  for  the  annual  meeting  and  to  prepare  a  program  for  the  same. 

Second.  The  President,  the  Secretary  and  the  Treasurer  shall  consti- 
tute an  Executive  Committee  which  shall  have  charge  of  all  matters  relat- 
ing to  the  expenditure  of  money  of  the  Society,  the  making  of  appro- 
priations to  Committees  and  for  other  purposes,  the  making  of  contracts, 
the  approval  of  bills,  and  also  during  the  period  between  the  meetings  of 
the  Council  shall  have  charge  of  other  business  affairs  of  the  Society. 

Third.  Expenditures  of  money  may  be  made  only  in  accordance  with 
a  definite  appropriation  or  by  direct  vote  of  the  Executive  Committee. 

Fourth.  Eeading  of  papers  shall  be  limited  to  fifteen  minutes  each  or 
to  such  other  time  as  may  be  designated  by  the  Program  Committee,  and 
abstracts  of  papers  of  about  three  hundred  words  shaU  be  printed  when 
practicable,  and  distributed  in  advance  to  the  members. 

Fifth.  The  time  occupied  by  each  person  in  the  discussion  of  any 
paper  shall  not  exceed  five  minutes. 

Sixth.  The  President,  the  Secretary  and  the  retiring  Secretary  shall 
constitute  a  Publication  Committee,  of  which  the  Secretary  shall  be 
Chairman,  to  edit  and  have  charge  of  the  publication  of  the  monthly 
Bulletin  and  the  Proceedings  of  the  Society,  except  the  volume  of 
Proceedings  of  the  last  convention,  which  shall  be  edited  by  the  retiring 
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Secretary.  If  at  any  time  there  be  no  retiring  Secretary  the  retiring 
President  shall  be  a  member  of  this  Committee. 

Seventh.  The  Officers,  members  of  the  Council  and  members  of  the 
local  Convention  Committee  shall  constitute  a  Committee  on  Sociability 
to  introduce  members  and  guests  to  each  other  at  the  annual  meetings 
and  in  general  to  promote  a  spirit  of  good  fellowship. 

Eighth.  The  subscription  price  of  the  Bulletin  shall  be  Two  Dollars 
per  year,  payable  in  advance. 

Ninth,  Additions  or  amendments  may  be  made  to  these  By-Laws  at 
any  regular  meeting  of  the  Society,  on  the  recommendation  of  the  Council 
by  a  two-thirds  affirmative  vote  of  the  Council  and  of  the  Society. 


PUBLICATIONS. 


The  publications  of  the  Society  can  be  obtained  from  the  Secretary. 
The  current  issues  are  distributed  gratuitously  to  members  in  good  stand- 
ing, one  copy  of  each  to  each  individual  member  and  three  to  each  insti- 
tutional member.  The  price  of  the  bound  volumes  of  the  Proceedings 
of  former  years  is  $2.50  to  non-members,  $2.00  to  public  libraries,  and 
$1.50  to  members  for  their  own  libraries. 

The  Bulletin  is  issued  monthly  from  September  to  June.  The  price 
to  non-members  is  $2.00  per  year.  Libraries  may  order  the  Bulletin 
and  the  Proceedings  at  $4.00  per  year. 

Eeprints  of  papers  may  be  ordered  when  the  papers  are  in  type  form, 
and  either  with  or  without  covers,  at  a  price  depending  upon  the  number 
of  pages  and  copies  desired. 
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PAST   OKKICHRS 


Special  Committee  for  Division  E,  Engineering  Education,  World's 

Engineering  Congress,  1893. 

IRA  O.  BAKER,  Chairman,  HENRY  T.  EDDY,  Vice-Cliairman, 

WM.  R.  HOAG,  Secretary,  C.  FRANK  ALLEN,  See '7,  yro  tern., 

MORTIMER  E.  COOLEY,  SAMUEL  W.  STRATTON, 

STORM  BULL.* 

DE  VOLSON  WOOD,*  1893-4,         DUGALD  C.  JACKSON,  1906-7, 
GEORGE  F.  SWAIN,  1894-5,  CHARLES  S.  HOWE,  1907-8, 

MANSFIELD  MERRIMAN,  1895-6,  FRED.  E.  TURNEAURE,  1908-9, 
HENRY  T.  EDDY,  1896-7,  HENRY  S.  MUNROE,  1909-10, 

JOHN  B.  JOHNSON,*  1897-8,         ARTHUR  N.  TALBOT,  1910-11, 
THOS.  C.  MENDENHALL,  1898-9.  WM.  G.  RAYMOND,  1911-12, 
IRA  O.  BAKER,  1899-1900,  WM.  T.  MAGRUDER,  1912-13, 

FRANK  0.  MARVIN,*  1900-1,         G.  C.  ANTHONY,  1913-14, 
ROBERT  FLETCHER,  1901-2,         ANSON  MARSTON,  1914-15, 
CALVIN  M.WOOD  WARD,*  1902-3,  HENRY  S.  JACOBY,  1915-16, 
C.  FRANK  ALLEN,  1903-4,  GEORGE  R.  CHATBURN,  1916-17, 

FRED  W.  McNAIR,  1904-5,  MILO  S.  KETOHUM,  1917-18, 

CHARLES  L.CRANDALL,*  1905-6,  JOHN  F.  HAYFORD,  1918-19. 

VIOE^PRKSIDEISITS 

SAMUEL  B.  CHRISTY,*  GEORGE-  F.  SWAIN,  1893-4, 
ROBERT  H.  THURSTON,*  FRANK  O.  MARVIN,*  1894-5, 
FRANK  O.  MARVIN,*  CADY  STALEY,  1895-6, 
JOHN  GALBRAITH,*  JOHN  M.  ORDWAY,  1896-7, 
THOMAS  C.  MENDENHALL,  HARRY  W.  TYLER,  1897-8, 
C.  FRANK  ALLEN,  HENRY  W.  SPANGLER,*  1898-9, 
ROBERT  FLETCHER,  CHARLES  D.  MARX,  1899-1900, 
THOMAS  GRAY,*  ALBERT  KINGSBURY,  1900-1, 
STORM  BULL,*  CALVIN  M.  WOODWARD,*  1901-2, 
JOHN  J.  FLATHER,  FRED  W.  McNAIR,  1902-3, 
•CHARLES  L.  CRANDALL,*  JAMES  C.  NAGLE,  1903-4, 
CLEMENT  R.  JONES,  ELWOOD  MEAD,  1904-5, 
WILLIAM  T.  MAGRUDER,  JOHN  P.  JACKSON,  1905-6, 
R.  C.  CARPENTER,  CHARLES  S.  HOWE,  1906-7, 
CLARENCE  A.  WALDO,  WILLIAM  G.  RAYMOND,  1907-8, 
MORTIMER  E.  COOLEY,  OLIN  H.  LANDRETH,  1908-9, 
ARTHUR  N.  TALBOT,  ARTHUR  L.  WILLISTON,  1909-10, 
MILO  S.  KETCHUM,  WILLIAM  KENT,  1910-11, 
G.  C.  ANTHONY,  F.  B.  GILBRETH,  1911-12, 
L.  S.  MARKS,  F.  W.  SPERR,  1912-13, 


Deceased. 


PAST   OFFICEKS. 

H.  S.  JACOBY,  D.  C.  HUMPHREYS,  1913-14, 
H.  H.  NORRIS,  C.  RUSS  RICHARDS,  1914-15, 
G.  R.  CHATBURN,  F.  H.  CONSTANT,  1915-16, 
HOLLIS  GODFREY,  WM.  M.  THORNTON,  1916-17, 
JOHN  F.  HAYFORD,  IRA  N.  HOLLIS,  1917-18. 
JOHN  T.  FAIG,  E.  R.  MAURER,  1918-19. 
TREASURERS 
STORM  BULL,*  1893-5,  ARTHUR  N.  TALBOT,  1902-4, 

JOHN  J.  FLATHER,  1895-9,  FRED.  P.  SPALDING,  1904-6, 

CLARENCE  A.WALDO,  1899-1902,  ANSON  MARSTON,  1906-7. 

SECRETARIES 

JOHN  B.  JOHNSON,*  1893-5,  CLARENCE  A.  WALDO,  1902-4, 

C.  FRANK  ALLEN,  1895-7,  MILO  S.  KETOHUM,  1904-6, 

ALBERT  KINGSBURY,  1897-9,  WILLIAM  T.  MAGRUDER,  1906-7, 

EDGAR  MARBURG,*  1899-1900,  ARTHUR  L.  WILLISTON,  1907-9, 

HENRY  S.  JACOBY,  1900-2,  HENRY  H.  NORRIS,  1909-14. 


JMembers  oe  Previous  Councils 


Terms  of  Office  Expired  in  1894. 
M.  E.  CooLEY,                    H.  T.  Eddy,  W.  F.  M.  Goss, 

W.  R.  HoAG,  S.  W.  Robinson,*  H.  W.  Spangler, 

R,  H.  Thtjrston.* 

Terms  of  Office  Expired  in  1895. 
H.  T.  BovEY,*                   W.  H.  Burr,  0.  H.  Landreth, 

Mansfield  Merriman,     W.  G.  Raymond,  G.  F.  Swain, 

De  Volson  Wood.* 

Terms  of  Office  Expired  in  1896. 
I.  O.  Baker,                       Storm  Bull,*  S.  B.  Christy,* 

John  Galbraith,*  J.  B.  Johnson,*  F.  0.  Marvin,* 

C.  D.  Marx. 

Terms  of  Office  Expired  in  1897. 
H.  T.  Eddy,                       J.  J.  Plather,  J.  P.  Jackson, 

Albert  Kingsbury,  L.  S.  Randolph,  S.  W.  Robinson,* 

R.  H.  Thurston.* 

Terms  of  Office  Expired  in  1898. 

C.  F.  Allen,  C.  L.  Mees,  Mansfield  Merriman, 

J.  M.  Ordway,  W.  G.  Raymond,  Cady  Staley, 

R.  S.  Woodward. 

*  Deceased. 


MEMBEES   OF   PEEVIOTJS   COUNCILS. 

Terms  of  Office  Expired  in  1899. 

Arthur  Beardsley,         Robert  Fletcher,  John  Galbraith,* 

William  Kent,  T.  C.  Mendenhall,         W.  H.  Schuerman, 

M.  E.  Wadsworth. 

Terms  of  Office  Expired  in  1900. 

Storm  Bull,*  L.  G.  Carpenter,  Albert  Kingsbury, 

F.  O.  Marvin,  E.  B.  Owens,  R.  L.  Sackett, 

R.  H.  Thurston.* 

Terms  of  Office  Expired  in  1901. 
T.  N.  Drown,*  M.  A.  Howe,  I.  N.  Hollis, 

Gaetano  Lanza,  P.  C.  Ricketts,  R.  G.  Thomas, 

C.  M.  Woodward.* 

Terms  of  Office  Expired  in  1902. 

Brown  Ayres,  G.  W.  Bissell,  J.  J.  Flatheb, 

W.  T.  Magruder,  F.  W.  McNair,  J.  M.  Porter, 

A.  J.  Wood. 

Terms  of  Office  Expired  in  1903. 

C.  F.  Allen,  D.  C.  Jackson,  N.  0.  Ricker, 

J.  P.  Brooks,  Edgar  Marburg,  A.  L.  Williston, 

J.  C.  Nagle. 

Terms  of  Office  Expired  in  1904. 

W.  F.  M.  Goss,  Thomas  Gray,*  D.  C.  Humphreys, 

O.  H.  Landreth,  W.  G.  Raymond,  L.  E.  Reber, 

L.  S.  Randolph. 

Terms  of  Office  Expired  in  1905. 

Wm.  Esty,  L.  J.  Johnson,  W.  M.  Towle, 

H.  S.  Jacoby,  Elwood  Mead,  J.  L.  Van  Ornum, 

Edward  Orton,  Jr. 

Terms  of  Office  Expired  in  1906. 

John  Galbraith,*  Charles  S.  Howe,         Walter  M.  Riggs, 

Frederick  P.  Spalding,    Henry  W.  Spangler,*    Fred.  E.  Turneaure, 
Herman  K.  Vedder. 

Terms  of  Office  Expired  in  1907. 

Thomas  Gray,*  James  C.  Nagle,  William  G.  Raymond, 

Louis  E.  Reber,  Arthur  N.  Talbot,       Clarence  A.  Waldo, 

Robert  S.  Woodward. 

Terms  of  Office  Expired  in  1908. 

Victor  C.  Alderson,        Arthur  H.  Ford,  H.  P.  Talbot, 

Francis  C.  Caldwell,     Henry  S.  Munroe,        A.  L.  Williston, 
Frederick  W.  Sperr. 

*  Deceased. 
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MEMBERS   OF   PREVIOUS   COUNCILS. 


Terms  of  Office  Expired  in  1909. 

Charles  F.  Buegess,        John  F.  Hayford,  Thomas  W.  Palmer, 

Arthur  M,  Greene,  Jr.,    Milo  S.  Ketchum,  Joseph  A.  Thaler, 
Henry  H.  Norris. 

Terms  of  Office  Expired  in  1910. 

Fred  W.  Atkinson,  Walter  B.  Eussell,  Willla.m  S.  Frankun, 

Mortimer  E.  Cooley,       William  Kent,  Charles  F.  Scott, 
Harold  B.  Smith. 

Terms  of  Office  Expired  in  1911. 

Lester  P.  Breckenridge,  Lewis  J.  Johnson,  William  G.  Raymond, 

Thomas  Gray,*  William  T.  Magruder,  Herman  Schneider, 

Clarence  A.  Waldo. 

Terms  of  Office  Expired  in  1912. 

Frank  H.  Constant,       H.  Wade  Hibbard,  Edw.  B.  Maurer, 

Frederick  A.  Qoetze,       John  H.  Leete,  John  C.  Ostrup, 

Chas.  Russ  Richards. 

Terms  of  Office  Expired  in  1913. 

C.  H.  Benjamin,  E.  E.  Brydone-Jack,  J.  F.  Hayford, 

G.  W.  Bissell,  W.  H.  p.  Creighton,  C.  Russ  Richards, 

H.  W.  Tyler. 

Terms  of  Office  Expired  in  1914. 

J.  E.  Boyd,  F.  L.  Emory,  J.  A.  L.  Waddell, 

C.  H.  Crouch,  C.  E.  Magnusson,  A.  J.  Wood, 

H.  H.  Stoek. 

Terms  of  Office  Expired  in  1915. 

F.  L.  Bishop,  O.  P.  Hood,  W.  B.  Snow, 

G.  B.  Chatburn,  G.  D.  Shepardson,  J.  C.  Tracy, 

F.  P.   McKlBBEN. 

Terms  of  Office  Expired  in  1916. 

J.  F.  Hayford,  A.  S.  Langsdorf,  P.  F.  Walker, 

M.  S.  Ketchum,  F.  P.  Spalding,  S.  M.  Woodward, 

H.  W.  Tyler. 

Terms  of  Office  Expired  in  1917. 

B.  H.  Fernald,                a.  M.  Greene,  Jr.,  D.  C.  Miller, 
A.  H.  Fuller,                  E.  V.  Huntington,  W.  M.  Biggs. 

V.  Karapetoff, 

Terms  of  Office  Expired  in  1918. 

L.  p.  Breckenridge,        C.  H.  Crouch,  F.  P.  McKibben, 

C.  L.  Cory,  O.  P.  Hood,  G.  D.  Shepardson, 

J.  B.  Whitehead. 

Terms  of  Office  Expired  in  1919. 

A.  H.  Blanchard,  T.  E.  French,  F.  G.  Higbee, 

W.  H.  Browne,  Jr.,         R.  W.  Gay,  E.  J.  McCaustland, 
A.  A.  Potter. 


Deceased. 
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DECEASED  MEMBERS. 


Name. 

Year  of 
Election. 

Date  of  Death. 

Memoir. 
Vol.  Page. 

C.  L/  Adams 

1904.... 
1909.... 
1907.... 
1904.... 
1908.... 
1894.... 
1915.... 
1893.... 
1893.... 
1907.... 
1911.... 
1893.... 
1895.... 
1894.... 
1893.... 
1902.... 
1893.... 
1909.... 
1894.... 
1904. . . . 
1895.... 
1894.... 
1909. . . . 
1911.... 
1894.... 
1911.... 

1908 

1894.... 
1894. . . . 
1893.... 
1903.... 
1895.... 
1913.... 
1894.... 
1897.... 
1904.... 
1903.... 

Sept.  16, 1914. 
February  23,  1912. 
May  29,  1908. 
July  24,  1906. 
May,  1913. 
June  4,  1901. 
September  1,  1917. 
June  3,  1897. 
November  18,  1907. 
November  23,  1910. 
December  29,  1912. 
November  30,  1914. 

May  13,  1895. 
August  25,  1917. 
February  3,  1918. 
July  31,  1913. 
November  4,  1915. 
October  19,  1915. 
March  12,  1915. 
November  16,  1904. 
December  21,  1909. 
July  20,  1917. 

March  28,  1896. 
November  10, 1913. 
May  11,  1917. 
January  16,  1903. 
December  6,  1901. 
July  22,  1914. 
July  27,  1917. 
December  19,  1908. 
February  17,  1915. 
March  7,  1900. 
February  13,  1916. 
August  16,  1905. 
October  1,  1911. 

XXTT,  4H 

Philip  E.  Alger 

William  A.  Anthony.  . 
George  W.  Atherton  . . . 

Warhen  Babcock 

VoLNEY  C.  Barbour 

G   E    Bray 

XX,  Part  II,  491 

XVI,  409 

XIV,  292 

XXI,  434 

IX,  340 

Charles  B.  Brush 

Storm  Bull 

VII,  181 
XVI,  407 

Octave   Chanute 

S.  B.  Charters,  Jr 

S.  B.  Christy 

XIX,  501 

XX,  Part  n,  493 

XXII,  415 

Elmer  Corthell 

ECKLEY    B.   COXE 

Chas.  L.  Crandall 

E.  W.  Davis 

VII,  182 

Chas.  S,  Denison 

W.  P.  Dickinson 

A.  J.  DuBois 

XXII,  411 
XXV    243 

Louis   Duncan 

XXTV,  337 

XII,  244 

XVIII,  446 

XXV,  246 

VII,  183 
XXI,  435 

Thomas  M.  Drown 

Chas.  B.  Dudley 

Sam.  Chandler  Earle. 

A.  C.  Einstein 

Fbancis  E.  Fava,  Jr.  . . 
A    J.  Frith 

Albert  E.  Frost 

Estevan  a.  Fuertes... 

Henry    Fulton 

John  Galbraith 

Albert  F.  Ganz 

Thomas  Gray 

XXV,  245 

XI,  372 

X,  258 

XXII,  410 

XVII,  238 

Wm.  F.  Gurley 

Herbert  G.  Greer 

K.   E.   GUTHE 

XXII,  417 

VIII,  371 

XII,  249 

Lyman   Hall 

XIV,  287 

E.  L.  Hancock 

XIX,  505 

DECEASED   MEMBERS. 


Election. 

Memoir. 

Name. 

Year  of 

Date  of  Death. 

Vol.  Page. 

A  E  Haynes     

1895.... 
1903.... 

Sept.  15,  1916. 
February  20,  1906. 

XXIV    339 

Albert  H.  Heller 

XIV,  290 

H.  B.   Huelle 

1914.... 
1893.... 

June  23,  1902. 

John  B.  Johnson 

X,  259 

J.  W.  Johnson 

1907.... 

August  29,   1911. 

XIX,  506 

EoDNEY  G.  Kimball 

1894.... 

April  25,  1900. 

X,  261 

Burton  S.  Lanphear.  . . 

1914.... 

October  14,  1904. 

XXIV, 

Benjamin  F.  La  Eue.  . 

1899.... 

December  22,1903. 

XII,  243 

N.  W.  Lord 

1907.... 
1896.... 

May  23,  1911. 
November  14, 1907. 

XIX,  507 

C.  S.  Magowan 

XVI,  406 

F.  0.  Marvin 

1893.... 

February  11,  1915. 

XXII,  416 

Charles  P.  Matthews. 

1898.... 

November  23, 190  . 

XVI,  408 

J.  W.  Muldowney 

1912.... 

October,  1916. 

XXIV,  340 

J.  D.  Newton 

1908 

August  8,   1912. 
September  7,  1917. 

XX,  Part  II,  490 

Chas.    H.    Parmly 

1912.... 

T.  M.  Phetteplace 

1903.... 

September  7,  1913. 

XXI,  436 

F.   H.  EOBINSON 

1894.... 

January  15,  1916. 

XXIV,  341 

S.    W.    EOBINSON 

1893.... 

October  31,  1910. 

XXIV,  510 

E.    F.    EOEBER 

1909.... 
1910.... 
1910.... 

October  17,  1917. 
Sept.  13,  1912. 

H.   A.   Sayre 

J.  D.  Schuyler 

XX,  Part  II,  494 

Justice  M.  Silliman  . . . 

1894.... 

April  15,  1896. 

VII,  184 

A.  G.  Smith 

1909.... 
1911.... 

1916. 

February  20,  1912. 

T.  GuLLiFORD  Smith 

XX,  Part  II,  492 

H.  W.  Spangler 

1893.... 

March  17, 1912. 

XX,  Part  II,  488 

D.  W.  Spence 

1914.... 
1894.... 

June,  1917. 
May  24,  1896. 

James  H.  Stanwood 

VII,  185 

F.  H.  Stillman 

1911.... 

February  18,  1912. 

XX,  Part  II,  490 

Joseph  E.  Stubbs 

1897.... 

May  27,  1914. 

XXII,  412 

Fred.  W.  Taylor 

1912.... 

March  21,  1915. 

XXII,  4B 

Eobt.  H.  Thurston 

1893.... 

October  25,  1903. 

XII,  246 

Alphonse  N.  VanDaell. 

1897.... 

March  28,  1899. 

VII,  186 

J.  A.  Veazey 

1911.... 

August  21,  1911. 

XIX,  512 

John  E.  Wagner 

1894.... 

January  21,  1899. 

VII,  1S7 

Francis  A.  Walker 

1896.... 

January  5,  1897. 

VII,  188 

G.  D.  Walters 

1913.. 
1914. . . . 
1897.... 

November  5,  1916. 

1917. 

June  12,  1905. 

XXIV,  342 

H.  L.  Watson 

Howard  S.  Webb 

XIV,  286 

Nelson  0.  Whitney 

1893.... 

March  17,  1901. 

IX,  339 

James  E.  Willett 

1896.... 

May  9,  1907. 

XV,  679 

De  Volson  Wood 

1893.... 

June  27,  1897, 

V,  325 

Calvin  M.  Woodward.  . . 

1893.... 

January  12,  1914. 

XXI,  437 

337 


BULLETIN 

OF  THB 

Society  for  the 
Promotion  of  Engineering  Education 

Publiflhed  under  the  supervision  of  the  Publication  Committee  : 

Arthur  M.  Greene.  Jr.,  John  F,  Hayford,  F.  L.  Bishop,  Editor. 

Addrese  all  communications  to  the  Editor,  University  of  Pittsburgh,  Pittsburgh,  Pa. 

Vol.  X  Lancaster,  Pa.,  April,  1920  No.  8 

TABLE  OF  CONTENTS. 

Points    of    General    Interest    at    the    University    of    Michigan.     J. 

Raleigh  Nelson  345 

The  Classics  for  Engineers.     Evan  T.  Sage    364 

Editorial    371 

Information  Desired    372 

Report  of  Treasurer   372 

POINTS  OF  GENERAL  INTEREST  AT  THE 
UNIVERSITY  OF  MICHIGAN. 

BY  J.  RALEIGH  NELSON, 

Associate  Professor  of  English. 

The  meeting  of  the  S.  P.  E.  E.  to  be  held  in  Ann  Arbor, 
June  29  to  July  2,  will  give  the  members  of  that  society  inter- 
ested in  the  development  of  state  universities,  an  opportunity 
to  see  the  University  of  Michigan  at  a  most  significant  moment 
in  its  history.  President  Harry  B.  Hutchins,  the  able  suc- 
cessor of  President  Angell,  will  have  closed  his  period  of 
service  and  given  his  valedictory  at  the  commencement  exer- 
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cises  the  week  preceding  our  meeting  and  President  Burton 
will  have  been  installed  in  his  new  office  less  than  a  week.  The 
ten  years  of  President  Hutchins's  administration  has  been  a 
period  of  rapid  growth,  not  only  of  the  student  body  but  espe- 
cially in  material  equipment.  President  Hutchins,  who  was 
the  first  of  Michigan 's  own  graduates  to  act  as  president,  has 
been  strikingly  successful  in  consolidating  the  great  body  of 
alumni  and  inspiring  them  with  a  vision  of  their  opportunity 
for  serving  their  alma  mater.  During  his  ten  years  of  service, 
the  alumni  have  given  at  least  $2,000,000  in  cash  and  prop- 
erty estimated  at  $1,000,000  more.  These  gifts  include  the 
Alumni  Memorial  Building,  the  Hill  Auditorium,  the  Martha 
Cook  and  the  Betsy  Barber  Residence  Halls  for  Women. 
There  was,  in  addition,  the  achievement  of  the  Michigan, 
Union  Building,  a  gift  of  over  $1,000,000  contributed  by  overi 
thirteen  thousand  alumni,  whose  largest  gift  was  $10,000 — a- 
tribute  to  their  love  for  the  great  President  James  B.  Angell,j 
to  whose  memory  it  was  dedicated.  Lately,  too,  have  come] 
large  gifts  for  the  less  material  but  no  less  essential,  scholar- 
ships, as,  for  example,  the  gift  of  $200,000  worth  of  Detroit; 
property  by  Regent  G.  D.  Barbour  for  the  Education  of] 
Oriental  Women.  President  Hutchins 's  insistence  on  the 
building  up  of  material  equipment  has,  in  the  light  of  the 
enormous  growth  in  enrollment  of  the  past  two  years,  been 
almost  prophetic.  At  least,  it  has  shown  how  well  he  under-! 
stood  the  needs  of  the  University.  Fortunately,  too,  he  was 
practically  always  successful  with  the  Legislature  of  the  State, 
in  inspiring  confidence  in  his  judgment.  What  he  asked  for] 
they  gave. 

Some  of  the  most  important  buildings  erected  during  hisi 
administration  are:  the  Library,  Hill  Auditorium,  Power: 
House,  Contagious  Hospital,  Science  Building,  Homoeopathic 
Children's  Ward,  Newberry,  Martha  Cook,  and  Betsy  Bar- 
bour Residences.  Altogether  the  building  equipment  added! 
since  1910  aggregates  approximately  two  million,  four  hun-! 
dred  and  fifty  thousand  dollars.     To  his  credit  should  also 
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be  given  the  completion  of  the  Union  Building  costing  over  a 
million  more. 

At  the  very  close  of  his  administration,  the  Legislature 
voted  $2,200,000,  which  will  make  possible  the  new  Model 
Training  School  and  the  $1,850,000  hospital  already  in  process 
of  construction. 

Members  of  the  S.  P.  E.  E,  who  visit  Ann  Arbor  in  June, 
therefore,  will  find  Michigan  in  the  midst  of  a  pretentious 
building  program,  enough  of  which  has  been  already  realized 
to  make  tlie  lines  of  development  for  the  future  rather  evi- 
dent. Some  of  the  buildings  in  which  visiting  members  may 
be  interested  are  as  follows: 

Engineering  Building. 

The  New  Engineering  Building  is,  with  the  exception  of 
the  Science  Building  and  the  Library,  the  largest  building  on 
the  campus.  The  total  floor-space  is  144,444  square  feet.  It 
forms  with  the  engineering  shops  the  two  sides  of  the  Engi- 
neering Quadrangle.  In  addition  to  class  rooms,  it  contains 
lecture  rooms,  administrative  offices,  the  naval  testing  tank, 
the  special  laboratories  for  mechanical  and  electrical  engi- 
neering, the  automobile,  hydro-electric,  and  physical  testing 
laboratories.  Although  the  building  was  erected  as  recently 
as  1902,  and  was  later  largely  extended,  the  engineering  col- 
lege has  already  so  completely  outgro^^Ti  it  that  a  very  large 
extension  is  planned  for  the  near  future. 

Chemistry  Building. 

The  chemistry  building  provides  for  the  teaching  of  chem- 
istry to  students  in  all  of  the  various  departments  of  the 
university  and  for  the  technical  work  in  the  school  of  phar- 
macy and  the  course  in  chemical  engineering.  The  whole  of 
an  admirably  designed,  strictly  fireproof  building  erected  in 
1909  at  a  cost  slightly  over  $300,000  is  devoted  to  those  pur- 
poses. The  building  is  rectangular  in  shape,  230  X  130  feet, 
with  two  central  courts,  and  is  four  stories  high.     It  contains 
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125  rooms  and  has  a  total  floor  area  of  104,500  square  feet. 
The  exterior  was  designed  to  give  a  maximum  amount  of 
window  space  and  artificial  illumination  by  tungsten  lamps 
has  been  installed  on  an  equally  generous  scale.  Ventilation 
is  cared  for  by  eight  fans  capable  of  changing  the  air  in  the 
entire  building  every  eight  minutes,  and  the  heating  is  con- 
trolled by  thermostats  in  each  room.  The  hood  facilities  are 
excellent.  Hj^drogen  sulphide,  high  pressure  steam,  com- 
pressed air,  and  distilled  water  as  piped  to  the  laboratories 
needing  them,  and  special  electric  circuits  have  been  freely 
provided.  The  storerooms  occupy  a  stack  six  stories  high,  in- 
cluding basement  and  attic,  placed  in  the  central  crossbar  of 
the  building,  with  provisions  for  dispensing  on  three  main 
floors. 

The  library  occupies  the  center  of  the  south  side  of  the 
building  and  is  a  handsomely  finished  room  with  shelf 
capacity  for  ten  thousand  books  and  seats  for  85  readers.  The 
chemical  library  contains  8,400  volumes  and  is  especially  rich 
in  complete  sets  of  journals.  One  hundred  and  eleven  jour- 
nals are  currently  received.  The  chemical  museums  on  the 
third  floor  contain  valuable  exhibits  illustrating  chemical 
mannfacturing  processes. 

In  addition  to  a  full  supply  of  routine  materials  and  appa- 
ratus for  work  in  general,  analytical,  organic,  physical,  phar- 
maceutical and  technological  chemistry,  facilities  are  offered 
for  advanced  study  along  all  of  these  lines. 

Natural  Science  Building. 

The  natural  science  building  is  a  four-story  fire-proof 
building  erected  in  1915  at  an  expense  of  $375,000  for  the  use 
of  the  departments  of  botany,  forestry,  geology,  mineralogy, 
psychology  and  zoology.  The  approximate  measurements  are 
for  the  north  side  243  feet,  for  the  east  side  263  feet,  for  the 
west  side  150  feet ;  and  the  south  side,  with  a  series  of  breaks, 
is  made  to  conform  in  general  to  the  diagonal  walk  and  trees. 
A  greenhouse  is  located  on  the  south  side  at  the  east  corner. 
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The  building  encloses  a  court  120  feet  across.  A  corridor 
about  700  feet  in  length  runs  through  the  center  of  each  floor. 
There  is  a  clear  span  of  approximately  23  feet  between  the 
corridor  and  the  exterior  walls  on  both  the  campus  and  court 
sides.  The  total  capacity  is  approximately  155,000  square 
feet  of  space.  The  form  of  construction  gives  unusually  large 
windows,  and  these  combined  with  the  light  court  in  the 
center  allow  excellent  illumination  of  all  rooms.  The  corri- 
dor floors  are  finished  with  terrazzo,  the  floors  of  the  rooms 
with  cement.  The  building  contains  270  rooms.  Each  de- 
partment is  given  a  section  from  roof  to  basement.  At  the 
southwest  corner  on  the  diagonal  walk  is  located  a  lecture 
room  seating  500,  with  a  preparation  room  attached.  The 
lecture  table  is  built  in  sections;  each  section  runs  on  rollers 
and  can  be  taken  to  any  part  of  the  building  for  the  prepara- 
tion of  material.  These  sections  fasten  to  stanchions  set  in 
the  eoncrete  floor ;  at  the  stanchions  all  sorts  of  plumbing  and 
electric  supplies  are  available,  including  low-voltage  storage- 
battery  current.  An  isolated  and  well-lighted  library  for  all 
departments  in  the  building  is  located  above  the  lecture  room. 
This  portion  of  the  building  is  carried  on  structural  steel. 

There  is  a  vacuum  cleaning  system  throughout.  Alternat- 
ing current  is  used  for  power  and  for  lighting  and  is  avail- 
able everjrwhere.  There  is  a  unit  system  of  distribution  of 
direct  current  at  220  volts  and  special  outlets  for  direct  cur- 
rent at  75  volts  are  well  distributed.  The  building  is  well 
ventilated  with  complete  air  supply  and  exhaust  system.  A 
special  separate  exhaust  is  provided  for  the  toilets  and  cer- 
tain other  rooms.  Pneumatic  switches  and  diaphragm 
motors  are  used  to  control  ventilation.  The  temperature  is 
controlled  by  thermostats. 

The  Observatory. 

The  university  observatory  was  founded  in  1852,  through 
the  liberality  of  citizens  of  Detroit,  and  is  known  as  the  De- 
troit Observatory.     It  is  situated  half  a  mile  northwest  of  the 
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university  campus.  The  observatory  has  recently  been  re- 
modeled and  contains  a  new  telescope  and  dome,  which  cost 
about  $35,000.  The  instrument  is  a  reflecting  telescope  with 
a  37%  inch  parabolic  mirror.  In  its  light-gathering  power 
this  telescope  is  in  a  class  with  the  Lick  and  Yerkes  refractors, 
while  for  ordinary  astronomical  photography  it  is  at  least  as 
efficient  as  those  instruments.  The  brick  tower  and  copper 
covered  dome  rises  sixty  feet  from  the  basement  floor  and  is 
forty  feet  in  diameter.  A  two-story  brick  addition,  112  feet 
long  and  40  feet  wide,  connects  the  new  dome  and  the  old 
observatory  and  contains  offices,  class,  and  computing  rooms. 

The  University  Power  Plant. 

The  new  university  power  plant,  which  cost  $350,000,  is  a 
fine  example  of  modem  power-plant  construction  and  is  avail- 
able for  instruction  and  for  use.  It  is  proposed  in  the  future 
to  obtain  a  supply  of  water  from  the  river  by  means  of  an 
electrically  operated  pumping  station  erected  near  the  river. 
The  feed-water  heaters  supply  hot  water  to  the  boilers  and 
also  for  domestic  purposes.  Coal  is  brought  directly  from 
the  Michigan  Central  Railroad  to  the  plan  over  an  electrically 
operated  road,  delivering  the  coal  to  a  storage  bin,  whence  it 
is  taken  by  a  coal-crusher  and  delivered  to  the  steel  bunker 
above  the  stoker-hoppers.  The  ashes  are  carried  by  a  pneu- 
matic conveyor  to  a  bunker  over  the  track,  from  which  they 
are  loaded  directly  into  cars.  Tunnels  are  provided  for  the 
underground  distribution  of  steam,  hot  water,  and  electrical 
energy.  There  is  available  alternating  current  at  2,300  volts, 
320  volts  for  lighting,  and  other  voltages  for  power;  also 
direct  current  at  220  volts  and  500  volts;  high  and  low- 
pressure  steam,  and  hot  water. 

Hill  Auditorium. 
The  Auditorium,  erected  as  a  memorial  to  the  late  Regent 
Arthur  Hill,  of  Saginaw,  who  left  the  sum  of  $200,000  to  the 
university  for  that  purpose,  was  formally  dedicated  Wednes- 
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day,  June  25,  1913.  The  building  has  a  seating  capacity  of 
nearly  5,000,  which  makes  it  one  of  the  largest  concert  and 
lecture  halls  in  the  world.  Particular  attention  has  been 
paid  to  acoustic  properties,  and  the  fine  concerts  of  the  May 
Festival  seasons  have  proven  that  this  difficult  problem  has 
been  almost  perfectly  solved.  There  is  no  seat  where  one  is 
not  able  to  hear  with  the  greatest  ease.  The  building  is 
finished  in  tapestry  brick  and  terra  cotta.  It  contains,  in 
addition  to  the  great  auditorium,  a  number  of  offices  and 
check  room  dressing  rooms  for  the  choruses,  and  a  great  hall 
on  the  second  floor,  about  the  walls  of  which  the  Stearns 
Musical  Collection,  containing  1,400  instruments,  has  been 
placed.  It  also  contains  the  Frieze  Memorial  Organ.  The 
building  was  erected  at  a  cost  of  $285,000. 

Alumni  Memorlil  Building. 

The  Alumni  Memorial  Building,  which  is  on  the  southeast 
corner  of  the  campus,  was  built  from  subscriptions  made 
largely  by  members  of  the  Alumni  Association  as  a  memorial 
to  the  distinguished  alumni  of  the  university  who  have  served 
the  country  in  war  and  in  peace.  The  total  cost  was  about 
$200,000.  It  is  the  headquarters  of  the  Alumni  Association 
and  contains  as  well  the  art  collections  of  the  university.  It 
was  dedicated  May  11,  1910,  with  an  address  by  the  Hon. 
Curtis  Guild,  of  Massachusetts,  and  was  opened  in  May,  1910, 
with  an  exhibition  of  Oriental  and  American  art  under  the 
charge  of  the  Hon.  Charles  L.  Freer,  of  Detroit,  from  whose 
collection  many  of  the  pictures  came. 

The  New  Library. 

The  new  library  building  of  the  University  of  Michigan 
was  formally  opened  on  January  7,  1920.  It  cost,  with  its 
equipment,  $615,000.  The  architect  was  Albert  Kahn,  of  De- 
troit, the  designers  of  the  Hill  Auditorium  and  the  Natural 
Science  Building.  It  is  177  feet  in  breadth,  200  feet  in  depth, 
and  is  four  stories  high.     The  old  book  stacks  which  were  in- 
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corporated  in  the  new  building  are  five  stories,  the  new  ones 
eight  stories  high,  and  are  so  built  that  they  may  be  extended 
to  fifteen.  There  are  seats  in  the  new  structure  for  one  thou- 
sand readers,  distributed  among  the  reading  and  study  rooms, 
seminars,  and  stacks.  It  will  house  one  million  volumes  with- 
out extension,  and  nearly  a  million  more  with  the  extensions 
planned  for.  The  reading  room,  a  noble  room,  170  feet  long, 
50  feet  wide,  and  50  feet  high,  in  the  center  of  the  barrel- 
vaulted  ceiling,  will  seat  300  readers.  While  everything  has 
been  subordinated  to  utility  in  the  building,  the  artistic  fea- 
tures are  well  worth  noting.  The  paintings  by  Gari  Melchers 
in  the  reading  room,  the  stained  glass  windows,  the  casts  of 
the  Delia  Robbia  Choir,  and  the  Parthenon  frieze,  the  panels 
by  Thomas  di  Lorenzo  are  all  worthy  of  the  noble  building  of 
which  they  are  a  part. 

Points  of  Specific  Interest  to  Engineers. 

As  educators,  the  visiting  body  of  the  S.  P.  E.  E.  will,  we 
are  sure,  be  interested  to  observe  the  university  at  this  time 
when  it  is  coming  out  into  a  new  era  of  material  prosperity. 
But  naturally  as  engineering  educators  most  of  our  visitors 
will  find  their  particular  interest  in  those  things  which  affect 
the  engineering  profession  and  engineering  education.  They 
will  find  the  engineering  college  rapidly  outgrowing  its  ac- 
commodations on  the  campus  and  planning  hopefully  for 
great  and  significant  expansion  in  the  near  future.  More  sig- 
nificant still,  they  will  find  the  engineering  college  in  the 
midst  of  a  thorough  reorganization  of  its  courses  of  study 
along  broader  and  more  distinctly  fundamental  lines.  They 
will  be  interested,  too,  to  learn  of  the  plans  for  a  closer  co- 
operative relation  between  the  college  of  engineering  and  the 
industrial  interests  in  the  state.  The  faculty  of  the  college, 
fully  alive  to  the  significance  of  the  changes  which  must  soon 
come,  and  soberly  aware  of  the  problems  involved,  look  for- 
ward to  the  coming  of  so  influential  a  body  of  educators  as 
the  S.  P.  E.  E.  as  a  great  source  of  inspiration  and  guidance. 
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We  Shall  hope  to  afford  our  visitors  in  return  every  oppor- 
tunity to  see  any  of  the  things  of  interest  to  them  which  may 
be  a  part  of  our  own  material  equipment  or  may  be  made 
available  by  our  proximity  to  great  engineering  centers  like 
Detroit,  Toledo,  and  Jackson. 

Some  of  the  points  of  interest  in  our  own  college  are  as 
iollows: 

Sanitary  Expemuent  Station. 
The  sanitary  experiment  station,  located  immediately  north 
of  the  general  hospital,  is  well  worth  a  visit  from  those  inter- 
ested m  a  plant  which  handles  large  volumes  of  sewage  and 
which  shows  what  can  be  done  in  the  installation  of  effective 
teaching  and  research  equipment  at  moderate  cost.  One  of 
the  city  sewers  is  carried  to  the  station,  where  sewage  disposal 
plants  have  been  in  operation  constantly  under  skilled  super- 
vision for  the  past  six  years.  A  septic  tank,  an  Imhoff  ta^k, 
trickling  filters,  sand  filters,  and  contact  filters  have  been  and 
are  m  constant  operation. 

Highway  Laboratory. 

nl!l\llf7l  ^^^'^'"'y  '«  temporarily  installed  in  the 
north  half  of  the  old  campus  power  house.  It  is  the  official 
la  oratory  of  the  Michigan  State  Highway  Department. 
Equipment  is  installed  for  all  standard  tests  of  brick,  stone 
?ravel,  bituminous  materials,  cement  and  for  soil  analysis  in 
connection  with  sand-clay  and  earth  roads.  There  is  most 
3omplete  cooperation  between  the  State  Highway  Depart- 
ment and  the  university,  the  testing  work  for  the  state  and 
ie  road  materials  survey  of  the  state  being  under  charge  of 
'rofessor  J.  H.  Bateman. 

One  very  interesting  feature  of  the  highway  work  is  the 
enes  of  short  period,  intensive  courses  in  highway  engineer- 
ng  and  economics  of  highways  conducted  as  graduate  courses 
.etween  December  1  and  March  15.  each  year  under  the  direc- 
lon  of  Professor  Arthur  H.  Blanchard. 
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Steam  Laboratory. 
The  steam  laboratory,  which  is  located  in  the  north  end 
of  the  engineering  building  occupies  a  floor  space  of  some 
13,000  square  feet.  It  is  devoted  to  experimental  work  in 
connection  with  the  testing  of  engines,  boilers,  pumps,  fans, 
air  compressors,  refrigerating  machinery,  gas  and  gasolene 
engines.  The  very  complete  and  modern  central  power  and 
heating  plant  of  the  university  located  on  Washington  Street 
is  also  used  for  the  laboratory  tests. 

Hydro-Mechanical  Laboratory. 

The  hydro-mechanical  laboratory,  which  is  located  in  the 
north  end  of  the  engineering  building,  is  equipped  with  a 
pair  of  tanks  each  having  a  capacity  of  600  cubic  feet.  ^  These 
are  mounted  on  large  scales,  making  it  possible  to  weigh  ac- 
curately all  the  water  from  a  1,000,000  gallon  pump.  There 
are  also  water  wheels  and  centrifugal  pumps  of  different 
types.  As  this  laboratory  is  connected  through  a  canal  with 
the  large  ship  tank  it  is  possible  to  draw  from  a  large  water 
supply  when  conducting  experiments. 

In  addition  to  the  hydro-mechanical  laboratory  in  the  engi- 
neering building,  there  is  a  flume  for  the  measurement  of 
large  volumes  of  water,  installed  as  part  of  the  Argo  Dam  on 
the  Huron  River.  There  are  five  hydro-electric  plants  on  the 
river  within  a  few  miles  of  Ann  Arbor,  a  very  complete 
gaging  station  at  which  various  types  of  self-registering 
gages  are  installed  and  other  features  of  interest.  Michigan 
is  "a  water-power  state.  There  are  many  large  plants  in 
operation  and  over  one  hundred  small  low-head  powers.  En- 
gineers interested  in  this  subject  may  secure  data  from  Pro- 
fessors H.  W.  King  and  C.  0.  Wisler. 

The  Automobile  Laboratory. 
The  automobile  laboratory  is  located  north  of  the  engineer- 
ing building.     In  the  same  building  and  just  south  of  the 
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automobile  laboratory  will  be  found  the  space  ready  to  re 
ceive  the  tractor  laboratory  recently  donated  by  the  Cleveland 
Tractor  Co.,  of  Cleveland,  Ohio.     The  automobile  laboratory 
consists  of  an  engine-testing  section,  a  dynamometer  room  and 
a  section  for  the  display  and  demonstration  of  automobDes 
motor  trucks  and  their  component  parts.     The  engineer  test- 
ing section  contains  a  complete  equipment  of  engines,  selected 
with  a  view  to  affording  the  student  experience  with  various 
typical   successful  types.        This  section   is  equipped   with 
prony  brakes,   water  dynamometers  and   one  fan  dynamo- 
meter.    The  dynamometer  room  contains  a  complete  Diehl 
electric  dynamometer,  together  with  special  fuel  measuring 
devices    tachometers,   air  metere,   pyromet«i^,   gas   analy.sil 
apparatus,   manograph,   and   complete   accessories  necessary 
for  instructional  testing  and  advance  research  work     In  the 
display    and    demonstration    section    are   gathered    together 
complete  operating  and  cut-out  chasses,  various  types  of  engi- 
neers, cut-out  transmissions,  rear  axles,  differentials,  clutches 
carburetors,  ignition  systems  and  other  automobile  parts  and 
equipment.     This  apparatus  is  especially  mounted  to  show  its 
operation  and  design  and  is  used  as  demonstration  study,  and 
test  equipment  for  the  regular  automobile  courses.    It  further 
serves  as  a  permanent  educational  exhibit  open  to  the  public. 

Experimental  Ship  Tank. 
The  experimental  ship  tank,  300  feet  long,  22  feet  wide 
and  10  feet  deep  forms  the  basement  of  the  east  winTortt 
new  engineering  building.  Its  capacity  is  16,000  barrels  In 
this  tank  are  tested  paraffine  models  of  boats  of  various  sizes 
IJ.?  "'!  "Zr"''^  '"^  '^'  """^'^  ^°<"^  «"d  workshop  at  the' 
Tl  7'r  't  °*'^''  ^^'^'^  "'  '"^'^  '^•"^  -  *he  United 

ffered  W  th  T  7'^^'''"^*°"  ^^-^  Yard.  The  facilities 
ffered  by  this  tank  were  used  extensively  by  the  government 
uring  the  war  It  may  be  of  interest  to  note  that  Michigan 
m  the  first  school  to  offer  systematic  courses  in  marine  engi- 
'eering.    Professor  Cooley,  who  was  an  Annapolis  man,  gave 
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two  courses  in  ship  building  and  marine  engineering  from 
the  first  of  his  connection  with  the  college.  The  regular  de- 
partment of  marine  engineering  was  organized  in  1900. 

Engineering  Shops. 
The  engineering  shops  occupy  about  30,000  square  feet  of 
floor  space.  They  consist  of  the  wood  and  pattern  shop,  the 
foundry  the  forge  shop,  and  the  machine  shop  and  instru- 
ment shop  with  the  usual  equipment.  The  newly  instituted 
central  shop  is  of  some  special  interest,  as  it  gives  promise  of 
great  usefulness  to  the  university  at  large.  It  is  intended  to 
give  the  required  service  to  all  departments  of  the  university 
requiring  the  making  of  instruments  or  any  general  repair 
work  The  shop,  which  at  present  has  only  six  mackines, 
will  by  June  be  fully  equipped.  Both  in  fitting  out  this  ^op 
and  in  obtaining  more  modern  tools  for  purposes  of  instruc- 
tion the  university  has  taken  advantage  of  the  opportunity 
affoked  by  the  Caldwell  Bill  for  obtaining  machine  tools 
from  the  Government  Salvage  Board. 

Electrical  Engineering  Laboratories. 

The  electrical  engineering  laboratories  comprise  a  dynamo 
laboratory  and  a  photometric  laboratory  located  oa  the 
ground  floor  of  the  north  end  of  the  new  engineering  buHding 
and  the  communication  laboratories  on  the  ground  floor  of  the 
south  end  of  the  same  building. 

The  terminals  of  almost  every  piece  of  apparatus  in  all 
these  laboratories  have  been  brought  out  to  sockets,  and  the 
distribution  of  power  is  controlled  through  a  plug  and  socket 
system.  This  arrangement  gives  great  flexibflity  and  re- 
quires that  all  connections  be  made  by  the  student  himself, 
but  provides  the  means  by  which  those  operations  may  be 
quickly  and  easily  performed. 

The  dynamo  laboratory  contains  a  full  complement  of 
direct  and  alternating  current  apparatus  of  various  types  and 
sizee.    As  in  all  of  the  electrical  laboratory  work,  special  em- 
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phasis  is  here  laid  upon  the  development  of  the  student's 
ability  to  analyze  the  phenomena  which  he  observes  in  the 
operation  of  electrical  machinery.  To  this  end,  and  with  the 
aim  of  -developing  the  personal  initiative  of  the  student,  a 
large  number  of  moderate-sized  machines  have  been  provided 
in  order  to  give  each  student  intimate  contact  with  the  ap- 
paratus. 

The  laboratory  has  on  exhibit  several  dynamos  of  very 
early  type  which  are  of  historic  interest. 

The  photometric  laboratory  is  equipped  with  four  fixed 
photometer  bars,  one  of  them  for  precision  work,  all  provided 
with  suitable  auxiliary  devices.  There  are  also  three  port- 
able photometers  for  making  illumination  surveys  in  the  field. 
A  single-mirror  selector  permits  of  measurements  on  large 
light  sources.  The  laboratory  has  a  complete  and  modern 
collection  of  lamps  and  accessories  including  mercury,  mag- 
netite, and  flame  carbon  arcs,  refractors,  reflectors  of  all 
varieties  in  glass  and  metal,  and  a  floor  light  projector. 

The  communication  laboratories  which  are  equipped  for 
fundamental  work  in  telephone,  telegraph,  and  radio  com- 
munication have  all  the  usual  talking,  signaling,  and  testing 
apparatus.  In  addition,  it  is  equipped  with  a  Vreeland  Sine 
Wave  Oscillator  having  a  frequency  range  of  250  to  4,000 
cycles  per  second.  This  apparatus  in  connection  with  a  50- 
mile  artificial  line  arranged  so  that  it  can  be  used  either  as  a 
loaded  or  non-loaded  cable,  affords  an  opportunity  for  making 
a  fundamental  study  of  transmission  phenomena  at  voice 
frequencies. 

For  special  studies  a  small  magneto  exchange  and  a  small 
automatic  exchange  are  available.  The  university  private 
branch  exchange  which  is  adjacent  to  the  laboratories,  is  also 
available  for  inspection  and  special  studies. 

In  the  radio  laboratory  the  old  pioneer  rotary  spark  trans- 
mitting set  is  still  in  service.  The  more  modern  types  of 
transmitting  and  receiving  apparatus  are  furnished  largely 
by  the  Signal  Corps  of  the  United  States  Army. 
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Physical  Testing  Laboratory. 

The  physical  testing  laboratory  occupies  two  adjoining 
rooms,  29  X  54  feet  and  27  X  54  feet  respectively,  on  the 
ground  floor  of  the  south  wing  of  the  building,  and  is  equipped 
with  apparatus  especially  designed  for  testing  the  strength  of 
materials  used  in  engineering  work.  This  equipment  includes 
a  100,000  pound  Olsen  testing  machine  and  one  of  200,000 
pounds  capacity  built  by  Riehle  Brothers.  Both  of  these 
machines  are  adapted  to  tensile,  compressive  and  transverse 
tests,  and  are  run  by  direct-connected  electric  motors.  An 
Olsen  torsion  machine  of  240,000  inch-pounds  capacity,  also 
equipped  with  direct-connected  motor,  is  used  in  determining 
the  torsional  strength  of  shafts  and  axles.  Impact  tests  are 
made  on  an  Olsen  impact  machine,  and  Upton  Lewis  tough- 
ness testing  machine  is  used  for  endurance  tests.  The  cement- 
testing  laboratory  is  equipped  for  making  the  ordinary  tests 
of  cement  and  concrete.  In  addition  to  scales,  sieves,  briquet 
molds  and  accessories,  there  are  two  briquet  testing  machines 
made  by  Olsen,  and  a  uniform  load  beam  testing  machine, 
especially  designed  for  the  University  of  Michigan  with  a 
capacity  of  85  tons,  and  adapted  to  beams  of  reinforced  con- 
crete, wood,  or  steel  of  any  span  up  to  12  feet. 

Chemical  Engineering  Laboratories. 

The  chemical  engineering  laboratories  occupy  twenty-five 
rooms  on  the  first  and  second  floors  of  the  chemistry  building. 
The  gas  and  fuel  laboratory  includes:  (1)  a  general  labora- 
tory for  gas  analysis;  (2)  a  calorimeter  room  equipped  with 
ten  bomb  calorimeters;  (3)  a  large  and  well-ventilated  photo- 
meter room  with  an  excellent  photometer  supplied  with  sev- 
eral types  of  standard  lights  and  test  burners;  (4)  an  in- 
structor's laboratory;  and  a  laboratory  for  advanced  students. 

The  assay  laboratory  comprises  an  ore-crushing  and  sam- 
pling room  with  modern  equipment,  a  room  for  the  prepara- 
tion of  assay  charges,  a  balance  room  and  a  number  of  assay 
furnaces. 
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The  furnace  rooms,  the  pyrometer  room  and  the  metallo- 
graphic,  the  paint  and  varnish,  and  the  pulp  and  paper  labo- 
ratories are  all  thoroughly  supplied  with  modern  equipment 
and  are  well  worth  a  visit  of  inspection  by  those  interested. 

The  evaporator  laboratory  is  of  particular  interest  since 
it  represents  a  successful  experiment  on  the  part  of  the  uni- 
versity in  the  establishment  of  cooperative  relations  with  the 
industries  of  the  state. 

On  May  19,  1917,  an  offer  was  made  to  the  university  by 
the  Swenson  Evaporator  Company  to  install  and  equip  a  labo- 
ratory for  the  study  of  the  design  of  evaporators  and  similar 
problems  in  chemical  engineering.  The  plan  was  discussed 
at  considerable  length  by  the  board  of  regents,  as  certain  new 
principles  were  involved,  and  the  offer  was  finally  accepted 
by  them  on  July  20,  1917. 

Work  was  started  in  October,  1917,  to  prepare  the  old 
boiler  house  for  the  laboratory.  Because  of  war  conditions 
only  one  evaporator  was  installed  at  first,  and  that  not  till 
the  spring  of  1918.  Two  more  followed  in  the  spring  of  1919," 
and  the  various  pieces  of  accessory  apparatus  at  different 
times.  The  amount  expended  by  the  Swenson  Evaporator 
Company  for  apparatus  and  erection,  exclusive  of  research  or 
operation,  is  to  date  between  $15,000  and  $20,000. 

By  the  terms  of  the  agreement  the  apparatus,  once  in- 
stalled, is  the  property  of  the  university.  It  is  availaible  be- 
fore everything  else  for  university  work,  instruction,  demon- 
stration, and  research.  The  Swenson  Evaporator  Company 
has  the  privilege  of  doing  their  own  research  work,  provided 
it  does  not  conflict  with  the  university's  work,  with  the  reser- 
vation that  any  fundamental  principles  discovered  or  data  of 
general  scientific  importance  obtained  are  public  property 
even  if  the  work  was  done  by  the  company. 

In  the  time  since  the  apparatus  was  installed  both  classes 
of  work  have  been  carried  out.  Several  chemical  engineering 
students,  graduate  and  undergraduate,  have  taken  work  in 
the   laboratory   every    semester.     The    Swenson    Evaporator 
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Company  has  been  developing  a  veiy  extensive  program  of 
research,  most  of  which  will  be  available  for  publication.  One 
paper  representing  nearly  the  whole  of  one  year's  work  by 
the  company,  will  be  published  in  the  spring  of  1920.  Less 
than  15  per  cent,  of  the  work  done  by  the  company  has  been 
detail  work  for  their  own  private  information. 

Camp  Davis. 

In  1908  and  1909  the  regents  of  the  university  came  into 
possession  of  about  1,600  acres  in  Cheboygan  County,  Michi- 
gan. A  part  of  this  came  as  a  gift  from  Colonel  Charles  Bo- 
gardus  and  his  wife,  Hannah  W.  Bogardus.  Since  1909  the 
regents  have  purchased,  from  time  to  time,  other  tracts  until 
they  now  have  in  their  possession  an  area  of  about  3,200  acres. 
In  recognition  of  the  kindly  interest  of  Colonel  Bogardus 
and  his  wife,  the  entire  area  now  owned  by  the  university  is 
called  the  Bogardus  Tract.  The  surveying  camp,  situated  on 
these  lands,  is  known  as  Camp  Davis,  in  recognition  of  Joseph 
Baker  Davis,  who  established  the  camp  in  1874  and  conducted 
it  for  over  thirty  years,  many  years  before  any  other  univer- 
sity followed  the  example  thus  set  by  Michigan.  The  uni- 
versity lands  lie,  generally  speaking,  between  Douglas  and 
Burt  Lakes,  having  a  frontage  of  four  and  one  half  miles  on 
the  former  and  one  and  three  fourths  miles  on  the  latter  lake. 
The  camp  is  six  miles  east  of  Pellston  on  the  G.  R.  &  I.  Rail- 
road, eight  miles  northwest  of  Topinabee  on  the  Michigan 
Central  Railroad  and  thirteen  miles  southwest  of  Cheboygan. 
Camp  Davis  is  located  on  the  south  shore  of  South  Fishtail 
Bay,  Douglas  Lake.  The  quarters  of  the  students,  teaching 
staff,  physician,  store,  office,  etc.,  are  located  along  the  shore 
in  a  double  row  of  steel  buildings  almost  parallel  with  the 
water  line  of  the  lake. 

The  camp  is  designed  fundamentally  to  give  students  prac- 
tice in  surveying,  yet  they  are  given  opportunity  to  design 
simple  structures  and  to  help  carry  out  the  plans  thus  made. 
In  this  way,  a  good  harbor  has  been  provided.    A  cistern  for 
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containing  water  pumped  from  the  well  has  been  built  and  a 
pipe  line  extends  therefrom  to  the  main  street  of  the  camp, 
thus  bringing  the  well  water  practically  to  each  tent.  A 
4  h.-p.  kerosene  engine  furnishes  power  for  pumping  water 
and  numing  a  generator  for  lighting  the  camp.  Two  con- 
crete storehouses  have  been  built  and  a  concrete  platform  for 
adjusting  instruments  has  been  laid.  A  complete  sewer  sys- 
tem with  septic  tank  was  installed  in  1915. 

An  instrument  building,  fourteen  feet  by  twenty-eight  feet, 
was  built  in  1917  and  affords  excellent  facilities  for  the  stor- 
age, care  and  issuing  of  instruments.  A  concrete  sidewalk 
was  laid  along  the  north  side  of  the  main  street  of  the  camp 
in  1918  and  the  street  transformed  into  a  stretch  of  model 
gravel  road. 

The  director  of  Camp  Davis  extends  a  cordial  invitation  to 
all  members  of  the  Society  for  the  Promotion  of  Engineering 
Education  who  are  interested  in  surveying  camps,  or  the 
teaching  of  surveying  generally,  to  visit  Camp  Davis  after  the 
session  at  Ann  Arbor.  A  train  leaves  Detroit  on  the  Michi- 
gan Central  Eailway  each  evening  at  nine.  This  reaches 
Cheboygan  the  following  morning  at  about  seven.  The  camp 
will  make  arrangements  to  meet  delegates  at  Cheboygan  if 
notice  is  given  in  advance.  By  telegraphing  Professor  C.  T. 
Johnston,  Topinabee,  Michigan,  Camp  Davis,  the  message  will 
be  telephoned  to  headquarters  on  Douglais  Lake. 

The  Excursion  to  Detroit. 

Although  the  University  of  Michigan  is  situated  in  a  small 
residential  city,  it  is,  fortunately  for  our  meeting,  very  con- 
veniently located  with  reference  to  several  of  the  great  manu- 
facturing centers  of  the  country.  Detroit,  Toledo,  Jackson, 
Flint,  Lansing  are  all  within  short  distances  and  easily  acces- 
sible. One  day  or  part  of  one  day  will  be  devoted  to  a  visit  to 
some  of  the  points  of  interest  to  engineers  in  Detroit.  While 
the  plans  are  not  yet,  of  course,  very  definitely  worked  out, 
the  list  of  possibilities  is  attractive.     There   are  the   auto- 

361 


POINTS   OF    GENERAL   INTEREST 

mobile  factories  for  the  mechanical  engineers,  the  power 
house  and  substation  of  the  Detroit  Edison  Company  for  the 
electrical  engineers,  the  Waterworks  Pumping  Station,  one  of 
the  largest  in  this  country  and  the  sewer  system  upon  which 
Detroit  is  spending  $1,000,000  a  month  for  the  civil  engineers, 
Park,  Davis  &  Co.  Frederick  Stearns,  the  great  paint  and 
varnish  industries  and  the  coke  industries  will  be  of  interest 
to  the  chemical  engineers,  and  the  shipyard  of  the  Great 
Lakes  Engineering  Works  at  River  Rouge  to  the  marine  engi- 
neers. The  Detroit  River  Tunnel,  the  Livingstone  Channel, 
the  Michigan  Central  passenger  terminal,  one  of  the  most 
complete,  classification  yards  in  the  United  States,  and  many 
other  features  will  be  attractive  as  points  to  visit  for  those 
whose  interest  is  more  general. 

Our  Place  of  Entertainment. 

The  Michigan  Union  Building,  the  new  $1,000,000  club 
house,  built  by  the  alumni  of  the  university  will  be  the  head- 
quarters of  the  society  during  its  sojourn  in  Ann  Arbor. 

No  more  ideal  place  can  be  imagined  for  the  entertainment 
of  a  convention  of  men  like  the  S.  P.  E.  B.  than  the  Michigan 
Union.  The  great  club  house,  which  with  its  furnishings  has 
already  cost  over  a  million  dollars,  offers  every  possible  ac- 
commodation furnished  by  the  best  Metropolitan  hotels  with 
a  number  of  features  added  that  will  appeal  especially  to  a 
crowd  of  college  men.  The  attractive  guest  rooms  of  the  club 
will  furnish  sleeping  accommodations  for  the  visiting  dele- 
gates, supplemented  if  need  be  by  the  neighboring  fraternity 
houses.  The  large  dining  room  will  make  it  possible  for  all 
to  sit  down  together  at  meals,  which  will  add  greatly  to  the 
social  enjoyment  of  the  convention.  The  lobby  and  concourse 
are  spacious  enough  to  make  an  ideal  lounging  and  meeting 
place  for  our  delegates,  and  there  are  eleven  private  dining 
rooms  and  numerous  committee  rooms  for  meetings  of  small 
groups  for  convention  business.  The  assembly  room,  which 
seats  600,  and  the  small  lecture  rooms  will  also  be  found  to 
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be  well  adapted  to  the  needs  of  our  convention.  During  our 
stay,  all  the  facilities  of  the  club  house  will  be  available  to 
guests,  the  library,  barber  shop,  billiard  room  and  bowling 
alleys,  and  the  swimming  pool  which  can  accommodate  200 
swimmers  at  one  time.  Directions  will  be  given  in  a  later  num- 
ber of  the  Bulletin  as  to  how  to  make  reservation  of  accom- 
modations at  the  Union. 

The  engineering  college  of  the  University  of  Michigan  is 
most  enthusiastic  over  the  prospect  of  welcoming  the  mem- 
bers of  the  S.  P.  E.  E.  to  Ann  Arbor.  We  hope  a  great  many 
will  come  and  that  they  may  feel  that  their  coming  was  both 
profitable  and  pleasant. 
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BY  EVAN  T.  SAGE, 
Professor  of  Latin,  University  of  Pittsburgh. 

In  recent  years  there  has  been  a  vigorous  discussion  of  the 
value  of  the  classics  as  preparation  for  various  professions, 
and  such  men  among  engineers  as  Dean  Cooley,  President 
Drinker,  Professor  Chatburn,  Mr.  Steinmetz  and  Professor 
Vedder  have  urged  that  the  classics  may  contribute  some- 
thing to  the  training  of  the  engineer.  Mr.  Rudolph  Hering, 
however,  has  taken  the  opposite  position  in  an  article  pub- 
lished in  the  Eiigmeering  News-Record  for  June  26,  1919, 
and  this  paper  called  into  existence  the  present  discussion.  I 
shall  not  do  more  than  answer  some  of  Mr.  Bering's  argu- 
ments, leaving  to  others  the  task  of  presenting  in  greater 
detail  the  positive  argument  for  the  classics. 

Mr.  Hering 's  title  is  '*  Training  in  Latin  and  Greek  Not 
Best  for  Engineers. "  If  he  means  by  this  that  there  are  other 
forms  of  training  that  are  better  for  engineers  than  the 
classics,  we  shall  all  no  doubt  agree  with  him.  Certainly  no 
classicist  nowadays  would  argue  that  everyone  should  study 
the  classics,  or  that  the  classics  should  form  the  universal  and 
inevitable  element  in  education  of  every  type.  But  if  he 
means  that  it  is  not  best  that  engineers  should  study  the 
classics  at  all,  then  I  shall  dissent. 

Mr.  Hering  believes  that  the  thing  of  prime  and  universal 
importance  is  the  knowledge  of  one's  mother  tongue,  and 
admits  that  Latin  and  Greek  might  be  taught  in  a  manner 
to  contribute  very  much  to  the  engineer's  knowledge  of  Eng- 
lish. The  student  could  learn  from  such  a  course  the  meaning 
of  many  Latin  and  Greek  roots  that  are  still  productive,  as 
well  as  the  meaning  of  many  phrases  and  words  that  have 
been  taken  over  bodily  into  English.    Mr.  Hering  will  be 
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glad  to  know  that  every  first  year  book  in  Latin  published  in 
the  last  five  years  is  based  on  the  belief  that  the  first  and  most 
immediate  profit  to  be  gained  from  the  study  of  Latin  is  the 
increased  mastery  of  English,  and  that  the  last  beginning 
book  in  Greek  is  written  for  the  sole  purpose  of  acquainting 
the  student  with  some  of  the  Greek  roots  that  are  used  by 
scientists  today,  and  that  the  book  can  not  be  used  as  an 
ordinary  beginning  book  in  Greek  at  all.  The  teaching  of 
Latin,  particularly,  is  being  revolutionized  in  this  country  by 
the  growing  recognition  of  the  value  of  the  ancient  language 
in  understanding  the  modern.  More  than  half — some  au- 
thorities say  as  high  as  80  per  cent. — of  the  ordinary  English 
vocabulary  is  of  Latin  origin,  while  the  technical  terms  that 
are  being  added  every  day  are  overwhelmingly  Latin  and 
Greek.  Think  of  the  new  words  that  the  war  brought  into 
everyday  use — words  like  aeroplane,  submarine,  terrain,  man- 
datory, personnel — practically  all  of  Greek  or  Latin  origin. 
Think  too  of  the  manufacture  of  compounds.  The  old  Anglo- 
Saxon  prefixes  and  suffixes  are  dead;  the  Latin,  alive.  In 
this  respect  it  is,  as  someone  has  said,  the  English  that  is  the 
dead  language,  not  the  Latin.  Latin  lives,  if  in  no  other 
way,  as  the  productive  part  of  the  English  speech. 

Mr.  Hering's  method  of  teaching  the  classics,  then,  has 
many  supporters  among  teachers  of  the  classics,  and  his  ob- 
jection to  Latin  and  Greek  in  large  measure  disappears.  He 
will  be  glad  to  know  of  the  increasing  number  of  courses  all 
over  the  country  where  the  value  of  Latin  for  English  is 
emphasized.  The  Carnegie  Foundation  recommends  a  special 
course  in  Latin  for  the  teacher  in  the  seventh  and  eighth 
grades  and  the  high  school  English  teacher.  The  Dorchester 
High  School  of  Boston  some  years  ago  introduced  Latin  into 
its  commercial  course,  and  the  precedent  has  been  followed  in 
Cincinnati,  in  the  evening  schools  of  Pittsburgh  and  else- 
where, with  great  success.  A  class  of  students  in  Maine, 
unable  to  progress  in  the  ordinary  way  in  Latin,  last  year 
made  remarkable  advancement  in  studying  Latin  for  the  sake 
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of  English.  Many  educators  believe  that  this  is  to  be  the 
prevailing  method  of  studying  Latin  in  the  future.  But  we 
.  have  found  out  that  90  per  cent,  of  the  words  in  the  Caesar 
and  Cicero  read  in  the  high  school  are  productive  of  English 
derivatives,  in  numbers  ranging  from  one  up  to  more  than 
six  hundred  in  the  case  of  one  word  at  least.  This  shows  that 
to  make  even  a  little  Latin  useful  in  this  way  we  do  not  need 
a  special  course  or  special  vocabularies,  but  only  a  different 
method,  and  it  is  to  be  feared  that  the  adoption  of  a  special 
course  like  that  described  by  Mr.  Hering  will  not  prevent  the 
occurrence  of  such  grammatical  blunders  as  this  phenomena 
and  seperate,  to  use  Mr.  Bering's  examples.  This  result  will 
more  certainly  be  gained  by  the  older  method,  modified  some- 
what to  put  more  emphasis  on  the  study  of  English  deriva- 
tives. Many  experiments  have  been  tried  in  teaching  deriva- 
tives by  working  backward  from  English  rather  than  forward 
from  Latin,  but  all  have  proved  tedious  and  unsatisfactory, 
and  this  method  misses  the  other  good  results  that  follow  from 
the  study  of  the  classics  direct. 

So  progressive  Latin  teachers  are  doing  every  day — ^not  in 
quite  Mr.  Hering 's  way,  it  is  true — precisely  what  Mr.  Hering 
wants  them  to  do,  and  his  argument  answers  itself. 

According  to  Mr.  Hering,  one  of  our  ''pet  reasons"  for 
urging  the  retention  of  Latin  and  Greek  is  to  get  the  ability 
to  read  these  languages  easily  in  the  original.  This,  he  says, 
we  fail  to  accomplish.  But  I  know  of  no  teacher  of  Latin 
who  would  suggest  that  the  sole  reason  for  holding  on  to  the 
classics  is  that  his  students  are  able  to  read  them  easily.  It 
is  true  that  few  can  read  Latin  easily  after  completing  a  high 
school  or  even  a  college  course,  but  that  is  not  the  aim  of  any 
teacher  of  my  acquaintance,  and  I  for  one  believe  that  if  we 
cared  to  make  that  our  purpose  we  could  accomplish  it.  We 
prefer  other  goals.  This  does  not  mean  that  I  agree  with 
Mr.  Hering  that  all  the  ancient  literature  worth  considering 
is  available  in  modern  translation.  No  one  who  has  ever 
really  translated  a  literary  work  will  seriously  claim  that  his 
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translation  can  or  does  have  the  same  qualities  as  the  original. 
Ancient  literature  is  not  available  in  translation,  and  never 
can  be.  Such  works  as  those  of  Vitruvius  on  architecture  or 
Frontinus  on  aqueducts,  which  convey  information,  may  be 
translated  with  reasonable  success,  but  no  translation  has  ever 
produced  the  effect  of  a  tragedy  of  jEschylus  or  an  oration  of 
Cicero. 

Another  "pet  reason"  according  to  Mr.  Bering  for  the 
study  of  the  classics  is  to  get  mental  discipline.  Probably 
there  has  been  more  criticism  of  the  classics  on  the  ground  of 
their  claim  to  train  the  mind  than  on  any  other.  For  years 
we  have  been  told  that  there  is  no  such  thing  as  mental  dis- 
cipline or  training.  Mr.  Hering,  however,  finds  fault  with 
us,  not  because  our  claim  is  unjustified,  but  because  the  dis- 
cipline we  impart  is  inferior  to  that  of  science,  as  grammatical 
laws  suffer  exceptions  while  natural  laws  do  not.  The  subject 
of  formal  discipline  is  still  in  the  stage  of  debate,  and  until 
experimental  psychology  gives  us  more  certain  knowledge 
than  we  now  have,  comparisons  of  the  quality  of  various  kinds 
of  discipline  are  dangerous.  This  much  may  be  said,  that 
certain  objects  have  primarily  content  value,  others  interest 
value,  and  still  others  procedure  or  method  value,  and  that 
few  if  any  other  subjects  combine  these  three  forms  of  value 
to  the  same  degree  as  the  ancient  languages.  We  may  ques- 
tion too  whether  this  discipline  of  science  is  constantly  in  the 
minds  of  teachers  of  biology  or  chemistry  as  it  is  in  the  minds 
of  teachers  of  Latin  or  Greek.  Unless  it  is  a  constant  and 
definite  aim  it  may  be  doubted  whether  the  disciplinary  value 
of  science  as  often  taught  is  superior  to  that  of  the  classics  as 
usually  taught. 

Finally,  Mr.  Hering  gives  to  students  of  engineering  and 
allied  professions  the  credit  for  practically  everything  that 
has  been  done  to  advance  modern  civilization.  Recent 
progress,  he  says,  is  due  to  professions  that  have  not  been 
based  on  Latin  and  Greek  rather  than  on  those  that  are  so 
based.     But  medicine  and  law,   architecture  and  sculpture, 
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have  progressed  without  the  help  of  the  classics.  Such  a 
statement  is  rash.  Modern  architecture  is  based  entirely  on 
that  of  Rome.  The  arch,  the  dome  and  the  vault  were  used 
if  not  invented  by  Roman  builders,  and  the  work  of  Roman 
architects  has  been  the  means  of  instruction  of  every  succeed- 
ing generation. 

Furthermore,  it  should  be  remembered  that  the  scientific 
spirit,  which  brought  to  pass  all  the  triumphs  of  modern 
sanitation,  agriculture,  and  other  professions,  is  not  the  child 
but  the  parent  of  modern  science,  whether  pure  or  applied, 
and  I  should  want  to  hear  the  claims  of  pure  science  before  I 
conceded  the  claims  of  applied  science  to  the  credit  for 
progress.  The  scientific  spirit  had  its  origin  in  the  necessity 
felt  by  the  scholars  of  the  Renaissance  to  interpret  classical 
texts.  The  Renaissance  itself  was  in  origin  nothing  but  a 
revival  of  interest  in  the  classics.  From  this  came  increased 
interest  in  the  facts  of  the  universe  and  better  information  on 
astronomy  and  geography  than  the  middle  ages  could  supply. 
Intellectual  curiosity  was  another  product  of  the  Revival  of 
Learning,  and  it  in  turn  had  such  different  consequence  as  the 
discovery  of  America  and  the  Protestant  Reformation. 

There  is  a  fundamental  though  unexpressed  idea  which 
determines  Mr.  Bering's  point  of  view,  that  the  engineer  is  a 
being  set  apart  from  the  beginning,  and  clearly  differentiated 
from  ordinary  human  beings.  If  this  could  be  granted,  it 
would  naturally  follow  that  the  training  of  the  engineer 
would  be  from  the  cradle  such  as  to  make  of  him  a  perfect 
engineer,  no  matter  what  else  were  excluded.  Granting  that 
the  classics  as  often  taught  at  present,  though  not  as  they 
may  be  taught,  give  to  the  engineer  little  that  he  can  put  to 
immediate  use,  we  believe  that  the  study  of  the  classics  by 
any  method  may  contribute  a  great  deal  to  the  engineer  who 
may  occasionally  participate  in  human  relations  that  are  not 
in  the  narrow  sense  those  of  the  engineer.  Simply  because 
a  man  is  an  engineer  is  no  reason  why  he  should  be  excluded 
from  the  privilege  of  studying  the  classics.     I  for  one  do  not 
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favor  a  universal  requirement  of  Greek  or  Latin,  but  I  am  not 
able  to  tell  in  advance  what  persons  will  profit  by  their  study 
and  what  persons  will  not.  I  know  of  no  reason  why  the 
engineer  as  such  should  not  profit  thus.  Our  faith  in  the 
value  of  the  classics  as  a  means  of  education  is  based  on  the 
fact  that  there  is  perhaps  no  other  subject  that  will  serve  the 
student  in  so  many  different  ways.  The  peculiar  advantage 
of  the  classics  lies  in  their  combination  of  values.  A  study 
of  etymology  from  the  English  standpoint  may  increase  one's 
knowledge  of  English,  but  will  scarcely  increase  one's  appre- 
ciation of  the  continuity  of  history.  Mathematics  may  be 
superior  as  a  discipline,  but  as  usually  taught  will  not  con- 
tribute much  to  one's  esthetic  development.  The  study  of 
strength  of  materials  may  furnish  one  with  valuable  facts  and 
methods,  but  usually  will  not  lead  to  a  profounder  conscious- 
ness of  one 's  civic  and  national  obligations.  But  the  study  of 
the  classics  may  do  all  these  things,  and  more.  Better  control 
of  the  English  language,  a  sense  of  the  continuity  of  history 
and  the  evolution  of  society,  valuable  training  (even  if  not 
the  most  valuable),  esthetic  appreciation,  useful  knowledge, 
and  local  and  national  pride,  may  all  be  products  of  the  study 
of  the  classics.  Few  will  gain  all  these  things,  but  still  fewer 
will  miss  all  of  them.  But  in  addition,  for  the  student  of 
law,  medicine,  pharmacy  and  theology,  Latin,  and  to  a  less 
degree  Greek  are  vocational  subjects.  For  every  one  who  is 
called  on  to  use  the  English  language  with  force,  accuracy, 
clearness  and  propriety,  Latin  is  almost  a  necessity.  Presi- 
dent HoUis  has  recently  found  in  Periclean  Athens  the  origin, 
of  art,  literature,  philosophy  and  even  science.  No  one  who 
reads  Cicero  or  Pliny  can  fail  to  be  impressed  by  the  multi- 
tude of  resemblances  between  our  own  society  and  that  of 
ancient  Rome.  Practically  every  political  and  economic  prob- 
lem that  we  face  confronted  the  ancients,  and  in  their  experi- 
ence we  have  an  invaluable  resource.  Even  the  character  of 
Wilhelm  of  Prussia  seems  familiar  to  readers  of  Caesar. 
Granting  that  ancient  achievements  in  the  fields  of  astron- 
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omy,  agriculture,  geography,  surveying,  mathematics  and 
architecture  have  been  so  completely  absorbed  in  modern  doc- 
trine as  to  be  unrecognizable,  shall  we  still  deny  to  the  engi- 
neer his  right  to  the  rich  heritage  of  the  past?  The  student 
who  takes  such  a  brief  course  as  that  Mr.  Hering  recommends 
to  us  would  gain  much  in  his  ability  to  differentiate  between 
apparent  synonyms  and  in  his  appreciation  of  the  real  mean- 
ings of  English  words,  but  he  would  also  miss  much.  Shall 
we  deny  to  him  the  opportunity^  to  make  himself  master  of 
grammar,  to  smooth  his  path  toward  the  acquisition  of  French 
and  Spanish,  to  widen  his  mental  horizon  by  contact  with 
otlier  forms  of  expression  than  hand-books  and  contracts? 
Shall  we  deny  to  him,  because  he  is  an  engineer,  the  oppor- 
tunity to  become  even  imperfectly  acquainted  with  two  great 
literatures  and  two  great  civilizations?  Modern  civilization 
is  the  result  of  the  fusion  of  Hebrew  religion,  Greek  phi- 
losophy and  democratic  instincts,  Roman  law  and  instinct  for 
order  and  discipline,  as  these  things  were  appropriated  by  the 
vigorous  peoples  of  northern  Europe.  To  two  of  these  three 
elements  in  modern  civilization  only  the  student  of  the 
classics  holds  the  key.  No  master  key  exists.  No  other 
means  of  entrance  can  be  found.  To  change  the  figure,  no 
substitute  has  ever  been  devised  for  Latin  and  Greek  as  a 
means  of  understanding  the  Greek  and  Roman  civilizations, 
and  there  is  no  way  of  understanding  our  own  without  under- 
standing them.  No  historian  can  teach  ancient  history  with- 
out knowing  the  classics ;  no  one  can  interpret  modern  litera- 
ture without  knowing  the  ancient.  I  see  no  reason  for  de- 
priving the  engineer  of  this  opportunity.  He  must  play  his 
part  on  the  stage  of  modern  life ;  let  him  be  as  well  equipped 
as  he  can  be.  All  the  things  the  study  of  the  classics  can 
bring  him  should  be  his.  Antiquity  is  part  of  his  inheritance. 
Rome  the  Eternal  City  is  the  symbol  of  something  imperish- 
able— something  that  is  a  solid  and  substantial  foundation  for 
modem  civilization. 


870 


EDITORIAL. 

The  Secretary  read  the  interesting  description  in  regard  to 
the  University  of  Michigan  published  in  this  number  of  Engi- 
NEERiNQ  Education,  and  especially  that  part  which  deals  with 
the  entertainment  of  the  members  of  this  Society  at  the  next 
annual  meeting.  This  was  so  interesting  and  fascinating  that 
it  seemed  one  of  the  pleasantest  things  that  could  happen 
would  be  to  attend  this  meeting.  To  quote  from  the  article 
by  Professor  Nelson : 

**No  more  ideal  place  can  be  imagined  for  the  entertain- 
ment of  a  convention  of  men  like  the  S.  P.  E.  E.  than  the 
Michigan  Union.  The  great  club  house,  which  with  its  fur- 
nishings has  already  cost  over  a  million  dollars,  offers  every 
possible  accommodation  furnished  by  the  best  Metropolitan 
hotels  with  a  number  of  features  added  that  will  appeal  espe- 
cially to  a  crowd  of  college  men.  The  attractive  guest  rooms 
of  the  club  will  furnish  sleeping  accommodations  for  the 
visiting  delegates,  supplemented  if  need  be  by  the  neighbor- 
ing fraternity  houses.  The  large  dining  room  will  make  it 
possible  for  all  to  sit  down  together  at  meals,  which  will  add 
greatly  to  the  social  enjoyment  of  the  convention.  The  lobby 
and  concourse  are  spacious  enough  to  make  an  ideal  lounging 
and  meeting  place  for  our  delegates,  and  there  are  eleven 
private  dining  rooms  and  numerous  committee  rooms  for  meet- 
ings of  small  groups  for  convention  business.  The  assembly 
room,  which  seats  600,  and  the  small  lecture  rooms  will  also  be 
found  to  be  well  adapted  to  the  needs  of  our  convention.  Dur- 
ing our  stay,  all  the  facilities  of  the  club  house  will  be  avail- 
able to  guests,  the  library,  barber  shop,  billiard  room  and 
bowling  alleys,  and  the  swimming  pool  which  can  accommo- 
date 200  swimmers  at  one  time." 

Further  proof  of  the  pleasantness  with  which  meetings  of 
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the  Society  is  associated  is  given  by  Dean  Butler,  who  re- 
cently wrote  to  this  office  as  follows: 

''Most  of  us  regard  attendance  at  these  meetings  in  the 
light  of  a  very  enjoyable  vacation." 
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Telephone  and  telegraph   54.09 

Offi^'e  sundries    61.02       3,480.86 

"  '     $4^11753 

Dues— individual    $3,952.50 

Dues — ^institutional 474.25 

Exehange   1.55 

Interest  on  deposits    16.69     $4,444.99 

Balance — ^loss  for  year    66.54 

$4,511.53 

Balance  Sheet. 

Assets. 
Aecounts  Eeceivable: 
Individual — 

Current  dues  $1,577.50 

Back  dues   2,758.72 

Insiiiutional — 

Current  dues  141.00 

Back  dues   92.50 

Members   and   non-members    2^3.62 

At  Dr.  Bishop 's  office   38.94     $4,872.28 

Oash: 

Lincoln  Trust  Co 621.45 

Life  Membership  Fund 447.26 

Br.  Bishop 's  office    150.00       1,218.71 

I»TeBtory 2,546.00 

$8,636.99 
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treasurer's  report. 

Liabilities  and  Surplus. 
Accounts   payable: 

Members  paid  in  advance   $    154.42 

Dr.   Bishop    373.05 

The  New  Era  Printing  Co 3,392.11       3,919.58 

Surplus $4,336.69 

Less— loss  for  year    66.54      4,270.15 

Life  memership    447.26 

$8,636.99 
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MORTIMER    E.    COOLEY.* 

.^lor timer  E.  Cooley  was  born  March  28,  1855,  at  Canan- 
dai^ia  Township,  Ontario  County,  New  York.  He  spent 
three  terms  in  the  old  Canandaigua  Academy.  He  boarded 
himself  two  winter  terms  and  walked  from  his  home,  three  and 
one  half  miles  away,  one  spring  term,  ''doing  the  chores" 

*  Michigan  Techmc,  December,  1919. 
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morning  and  evening-.  That  and  taking  care  of  the  garden 
Saturdays  were  the  conditions  which  secured  for  him  the 
unusual  privilege  of  being  excused  from  regular  farm  work. 
For  two  winters  he  taught  district  school  and  in  that  way 
earned  the  money  ueeded  to  pay  his  expenses  at  the  Academy 
and  to  finance  his  next  step  towards  an  education. 

The  four-year  course  for  cadet  engineers  was  established^ 
in  1874  at  the  U.  S.  Naval  Academy  and  appointments  were 
open  to  competition.  Of  some  seventy  candidates  who  tried 
the  examination,  twenty-five  were  appointed ;  Mortimer  Cooley 
passed  seventh  and  four  years  later  graduated  seventh  in  a 
class  of  fourteen.  He  took  an  active  part  in  athletics,  was 
captain  of  his  class  crew,  and  stood  high  with  the  foil  and 
broadswords. 

On  graduating  from  the  Naval  Academy,  he  was  assigned 
to  the  U.  S.  S.  Qiiinnehaug,  which  sailed  in  the  fall  of  1878  to 
the  Mediterranean.  He  returned  on  the  U.  S.  S.  Alliance  a 
year  later  and  on  Christmas  day,  1879,  was  married  to  Caro- 
lyn Elizabeth  Moseley,  of  Fairport,  New  York. 

Cadet  Engineer  Cooley  was  assigned  to  the  Bureau  of 
Steam  Engineering  at  the  Navy  Department.  In  June,  1881, 
he  was  examined  and  promoted  to  assistant  engineer  and  in 
August  was  ordered  to  the  University  of  Michigan  to  teach 
steam  engineering  and  iron  shipbuilding.  At  the  end  of  three 
years,  on  request  of  the  regents,  his  detail  was  continued  a 
fourth  year.  Being  then  detached  and  ordered  to  the  Pacific 
Station,  the  regents  conferred  on  Assistant  Engineer  Cooley 
the  honorary  degree  of  Mechanical  Engineer  and  invited  him 
to  resign  and  accept  the  chair  in  mechanical  engineering.  This 
he  did,  his  resignation  taking  effect  December  31,  1885.  It 
was  with  a  great  deal  of  regret  that  he  resigned,  as  he  was  in 
love  with  the  Service.  There  was  at  the  time  no  prospect  for 
any  great  increase  in  the  naval  force,  and  it  seemed  to  him  the 
opportunity  for  real  work  afforded  him  at  the  university 
ought  not  to  be  declined. 

He  has  been  dean  for  fifteen  years,  having  been  appointed 
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in  February,  1904.  The  Michigan  Agricultural  College  con- 
ferred on  him  the  degree  of  LL.D.  in  1907,  and  the  University 
of  Nebraska  the  degree  of  Eng.D.  in  1911.  When  he  came  to 
the  university  there  were  but  sixty  or  seventy  engineering  stu- 
dents out  of  a  total  of  about  thirteen  hundred  in  the  univer- 
sity, and  the  entire  technical  work  in  engineering  was  done 
in  seven  rooms  at  the  south  end  of  the  main  university  build- 
ing. The  first  engineering  laboratory  was  built  the  winter 
after  he  came.  It  was  a  two-story  brick  veneer  building 
24x36  feet,  costing  $1,500  and  the  equipment  $1,000.  In  it 
Professor  Cooley  himself  taught  forging,  pattern-making  and 
machine-shop  practice.  It  was  styled  by  his  colleagues  ''the 
Scientific  Blacksmith  Shop."  It  was  the  beginning  of  an 
effort,  now  altogether  general,  to  give  to  engineering  students, 
while  in  college,  some  practical  knowledge  of  the  materials 
and  processes  used  in  the  execution  of  engineering  projects. 

Dean  Cooley  was  from  1895  to  1911  the  chief  engineer 
officer  of  the  Michigan  State  Naval  Brigade  and  is  now  a 
retired  officer  in  the  Brigade. 

Following  his  return  to  the  University  after  ten  months' 
service  in  the  Spanish-American  war,  Professor  Cooley  was 
invited  by  the  Citizens'  Committee  of  Detroit,  of  which  Gov- 
ernor Pingree  was  chairman,  to  appraise  the  power  plants, 
rolling  stock  and  stores  and  supplies  of  the  Detroit  street 
railways,  which  the  city  was  contemplating  purchasing.  It 
was  a  hurry  job  and  was  done  in  a  hurry.  The  appointment 
was  made  on  Friday,  the  staff  organized  Saturday  and  the 
report  submitted  the  following  Saturday,  covering  $2,000,000 
of  property.  The  following  year,  1900,  at  the  request  of  Gov- 
ernor Pingree,  the  Board  of  State  Tax  Commissioners,  and  the 
Board  of  State  Auditors,  Professor  Cooley  undertook  to  ap- 
praise the  specific  tax  paying  properties  of  the  State  of 
Michigan,  which  included  the  Steam  Railroads,  the  Tele- 
graphs, the  Telephones,  the  Plank  Roads  and  the  River 
Improvements. 

Michigan's  pioneer  work  in  valuation  of  large  public  utility 
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properties  was  soon  followed  by  other  states.  First  among 
them  was  "Wisconsin  in  a  valuation  of  her  steam  railroads. 
Substantially  the  same  methods  were  employed  as  in  Michigan. 
Professor  Cooley  was  consulting  engineer. 

Nor  has  Professor  Cooley  neglected  opportunities  to  serve 
in  other  capacities.  He  was  for  a  time  chairman  of  the  Board 
of  Fire  Commissioners,  and  president  of  the  Common  Council 
in  AnnArbor  in  1890-91.  He  served  on  the  Board  of  Awards 
for  the  World's  Fair  in  Chicago  in  1893,  and  for  the  Pan- 
American  Exposition  in  Buffalo.  He  has  for  twenty-five  years 
served  as  mechanical  expert  in  patent  cases,  and  testified 
many  times  on  mechanical  matters  before  juries  and  com- 
missions. He  was  for  five  years  (1907-1912)  chairman  of  the 
Block  Signal  and  Train  Control  Board  of  the  Interstate  Com- 
merce Commission. 

Professor  Cooley  is  a  Fellow  of  the  American  Association 
for  the  Advancement  of  Science,  member  of  the  American  So- 
ciety of  Mechanical  Engineers,  American  Society  of  Civil 
Engineers,  American  Institute  of  Consulting  Engineers, 
Franklin  Institute,  Society  for  the  Promotion  of  Engineering 
Education,  Society  of  Naval  Engineers,  Michigan  Engineer- 
ing Society,  Detroit  Engineering  Society,  Sigma  Phi,  Tau 
Beta  Pi,  Sigma  Xi,  the  Army  and  Navy  Clubs  in  Washington 
and  in  New  York,  the  Detroit  Club  and  Yondotega  Club  in 
Detroit. 
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BY  F.  STUEGES  ALLEN, 
General    Editor,    Webster's   New    International   Directory. 

The  purpose  of  this  paper  is  to  examine  the  development 
of  the  use  of  the  hyphen  in  engineering  literature. 

To  this  end  I  have  restricted  my  special  researches  to  engi- 
neering literature.  Yet  it  is  obvious  that  engineering  topics 
are  so  diversified  in  their  nature  and  so  wide  in  their  scope 
that  engineering  literature  cannot  be — neither  would  it  desire 
to  be — divorced  either  from  the  literature  of  the  physical  sci- 
ences in  general  or  from  pure  literature  itself.  In  its  hyphen 
characteristics  it  closely  resembles  the  literature  of  the  phys- 
ical sciences  in  general,  of  the  industries  and  the  trades,  of 
the  newspapers,  and  of  much  other  miscellaneous  writing, — 
using  rather  more  two-noun  combinations  than  some  of  the 
sciences,  about  the  same  as  the  American  newspapers,  and 
fewer  than  much  of  the  literature  of  trade  and  industry. 

The  uses  of  the  hyphen  in  forming  compound  or  derivative 
words  may  be  broadly  divided  into  three  classes :  I.  The  use 
in  forming  derivatives  from  words  by  adding  to  them  a  prefix 
or  suffix,  as  ante-,  anti-y  he-,  dis-,  hyper-,  in-,  non-,  semi-,  suh-, 
super-,  supra-,  ultra-,  un-,  etc.  There  is  no  material  differ- 
ence of  opinion  as  to  the  principle  regarding  the  use  of  the 
hyphen  in  such  words,  and  in  many  cases  whether  the  hyphen 
is  used  or  not  is  not  a  matter  of  animadversion  or  comment. 

II.  The  use  which  has  been  called  ''grammatical,"  where 
the  hyphen  serves  to  connect  two  or  more  words  used  together 
as  a  part  of  speech  to  govern  or  limit  a  following  word  or 
group  of  words,  as  in  road-mending  operations,  an  out-and-mit 

*  This  paper  provided  by  Committee  No.  20,  Standardization  of  Tech- 
nical Nomenclature. 
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opponent,  a  two-horse  wagon,  an  ill-huilt  house,  to  short-cir- 
cuit a  battery. 

This  use  of  the  hyphen  is  comparatively  recent,  and  has 
been  fairly  uniform  from  the  beginning :  whether  it  is  observed 
or  not  in  any  particular  instance,  it  is  generally  agreed  that  in 
such  combinations  the  hyphen  should  be  used.  The  fact  that 
the  rule  is  not  always  followed,  even  on  the  same  page,  I  in- 
terpret as  being  due  rather  to  the  incapacity  of  the  mind 
always  to  observe  even  the  less  subtle  distinctions  than  to  the 
existence  of  any  question  as  to  what  is  the  proper  form  of  the 
combination. 

III.  The  use  in  forming  compound  nouns  by  the  combina- 
tion of  noun  with  noun  or  of  adjective  with  noun,  as  airplane, 
beehive,  hlackhird,  blackguard,  steamship,  windmill,  lifeboat 
or  life-boat,  footboard  or  foot-board,  motorman  or  motor-man, 
crank  pin,  crank-pin,  or  crankpin,  goldenrod,  horse  power, 
horse-power,  or  horsepower,  connecting  rod  or  connecting-rod, 
cantilever  bridge,  gravity  cell  or  groAjity-cell,  storage  battery 
or  storage-battery. 

This  list  of  course  could  be  extended  indefinitely;  I  have 
chosen  here  merely  a  few  typical  examples.  Whether  or  not 
to  use  the  hyphen  in  words  of  this  class  is  the  main  question 
concerning  the  use  of  the  hyphen  about  which  there  is  any 
difference  of  opinion  among  modem  writers  and  printers. 
The  number  of  compound  nouns  formed  by  the  union  of  ad- 
jective (other  than  the  participle)  and  noun  is  so  small  and 
their  form  generally  so  well  fixed  by  a  compelling  usage  that 
they  may  here  be  left  out  of  account. 

Prior  to  about  1850  engineering  literature,  as  well  as  the 
literature  devoted  to  the  other  physical  sciences  and  the  in- 
dustries (with  which  engineering  literature  must  be  classed), 
was  little  more  than  a  part  of  the  general  literature  of  the 
language,  and  there  was  among  most  of  its  authors  a  conscious 
effort  to  conform  its  diction  to  that  of  pure  literature.  There 
had  then  arisen  no  great  body  of  technical  literature  with, 
more  or  less,  a  method  and  press  of  its  own.     The  number  of 
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noun  combinations  made  by  juxta  position  of  the  noun  with 
noun  or  of  participle  or  gerund  in  -ing  with  noun  was  small  as 
compared  with  those  to  be  found  in  our  present  literature  of 
that  kind. 

Therefore  this  class  of  words  had  received  but  little  atten- 
tion, and  their  place  in  the  language  was  not  clearly  under- 
stood: hence,  we  see  them  confused  with  such  ordinary  ad- 
jective noun  combinations  as  Christian  name,  which  is  men- 
tioned as  a  compound  by  the  early  grammarians,  as  Lindley 
Murray  and  Goold  Brown.  In  the  early  dictionaries,  includ- 
ing Webster ^s  Dictionary  as  late  as  the  edition  of  1864  and 
Worcester's  Dictionary  down  to  the  last  edition,  we  find 
hyphened  such  compounds  as  hitter-apple,  hitter-cucum'ber, 
black-iron,  Black-Monday,  black-martin,  black-vomit,  the  ad- 
jective phrases  being  uniformly  given  as  hyphened  compounds 
in  the  vocabulary. 

The  very  modern  notion  of  some  that  nouns  cannot  be  used 
adjectively,  however,  seems  not  to  have  entered  the  heads  of 
these  early  writers,  for  both  Murray  and  Brown,  with  various 
others,  say  explicitly  that  the  noun  can  be  used  adjectively, 
and  confirmation  of  this  is  not  wanting  in  the  works  of  our 
best  modern  philologists  and  grammarians.  Thus,  to  mention 
but  one  instance,  John  Earl,  in  his  ''Philology  of  the  English 
Language,"  says  (p.  420)  :  ''Thus,  brick  and  stone  are  sub- 
stantives; but  mere  position  before  another  substantive  turns 
them  into  adjectives,  as  brick  house,  stone  wall;  and  the  latter 
when  condensed  into  a  compound  substantive,  stone-wall,  may 
again  by  collocation  make  a  new  adjective,  as  'Stone-wall 
Jackson. '     Thus  we  speak  of  garden  flowers  and  hedge  flowers: 

'Near  yonder  copse,  where  once  the  garden  smiled, 
And  still  where  many  a  garden  flower  grows  wild.' 

Oliver  Goldsmith. 

In  some  instances  a  substantive,  through  long  standing  in  such 
a  position,  has  acquired  the  adjectival  habit  exclusively,  as 
milch,  in  the  expressions  'milch  cow,'  'milch  goat.'  " 
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But  whether  we  call  the  limiting  noun  an  ''adjective"  or 
not  does  not  affect  the  question  as  to  whether  the  noun  is  used 
as  a  qualifying  or  attributive  word  before  another  noun  with- 
out a  hyphen  between  the  two. 

For  the  purposes  of  this  paper  I  examined  with  care  more 
than  twenty  of  the  standard  books  published  about  1850  on 
the  sciences  and  arts.  The  results  can  here  only  be  briefly 
stated.  I  found  them  to  consist  rather  definitely  of  two 
groups:  (1)  those  which  use  the  noun  freely  (for  those  days) 
to  limit  another  noun,  using  very  few  hyphens;  (2)  those,  a 
smaller  group,  which  make  fewer  combinations  of  noun  with 
noun,  and  use  hyphens  in  very  many  of  them. 

The  extreme  system  of  hyphenating  even  adjective  com- 
pounds has  now  been  completely  abandoned  in  the  diction- 
aries. But  the  use  of  the  hyphen  to  join  nearly  every  two- 
noun  ccmibination  and  many  combinations  of  noun  with  -ing 
forms  (participles  or  gerunds)  has  been  retained  to  the 
present  day  in  one  (the  Standard  Dictionary  of  Funk  & 
Wagnalls)  of  the  two  chief  current  one-volume  dictionaries. 
Wehster^s  Dictionary  broke  away  from  the  system  in  the  edi- 
tion of  1890,  called  Webster's  International  Dictionary,  and 
has  never  gone  back  to  it.  In  the  analysis  made  later  I  shall 
designate  the  first  work  as  ''F"  and  the  second  as  *'W." 

For  the  purpose  of  having  for  this  paper  some  definite 
information  as  to  what  present  engineering  use  is,  I  have 
examined  seventeen  different  works*  on  subjects  connected 
with  the  science  of  engineering,  and  have  listed  all  the  noun 

*  The  books  examined  were  chosen  as  they  were  run  across  in  order  to 
give  a  fair  selection.  They  are,  briefly  designated:  Audel,  Pumps  and 
Hydraulics  (1905);  Bedell,  The  Transformer  (1896);  Crocker,  Electric 
Lighting  (1906);  Elec.  Bailway  Journal,  July,  1919;  Engin.  and  Mining 
Journal,  July,  1919;  Engin.-Neivs  Eecord,  July,  1919;  Everyday  Engin. 
Mag.,  July,  1919;  Fleming,  Elec.  Wave  Teleg.  (1906);  Gerhard,  Water 
Supply,  Sewerage,  and  Plumbing  (1909) ;  The  Iron  Age  (1918) ;  Peake, 
Hydraulics  (1906) ;  Eogers  Pumps  and  Hydraulics  (1905) ;  Tonge,  Coal 
Mining  (1906) ;  Waddell,  Bridge  Engineering  (1916) ;  Wilson,  Hydraulic 
and  Placer  Mining  (1903) ;  and  Mine  Ventilation  (1900)  ;  Young,  Com- 
plete Motorist  (1904). 
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combinations  occurring  on  pages  taken  entirely  at  random, 
noting  those  of  noun  with  noun  and  of  -ing  forms  with  nouns 
where  the  form  might  be  in  question. 

About  the  same  number  of  combinations  were  listed  from 
each  book,  making  a  total  of  1024  combinations,  with  80  more 
in  which  the  first  element  was  of  a  kind  that  usage  now  rather 
uniformly  treats  as  an  adjective,  as  average,  bottom,  top,  and 
brass,  iron,  steel,  lead,  aluminum,  mercury,  or  other  name  of 
a  substance  used  with  the  sense  of  ''made  of,"  as  in  average 
loss,  bottom  member,  steel  web,  aluminum  casting. 

Of  the  1024  combinations  (representing  just  that  class  of 
combinations  hyphened  in  F  and  usually  given  as  two  words 
in  W)  55  were  solid  words  in  form,  135  hyphened  words,  and 
834  two  words.  All  of  the  80  combinations  with  average, 
bottom,  brass,  etc.,  were  two  words. 


TABLE  I. 

39  Solid-word  Combinations  of  Monosyllables. 


Words  as  In  List 

airplane 

airway 

beehive 

crankcase 

crankshaft 

dashboard 

dovetail 

fireman 

flagman 

flagpole 

flywheel 

footboard 

footstep 

gearbox 

gooseneck 

handwheel 

hedgehog 

horseshoe 

keyboard 

keyway 


As  In  F.     As  in  W. 


Words  as  In  List 

lifeboat 

lightship 

limestone 

manhole 

mouthpiece 

network 

notebook 

railroad 

railway 

roadway , 

snowshoe 

steamship 

stovepipe , 

trainman 

viewpoint 

washpan , 

wayside 

windmill 

workman 


As  In  F, 


As  In  W. 


#or 
#or 


I  compared  all  the  listed  combinations  with  the  two  dic- 
tionaries which  typify  the  one  (F)  the  usage  favoring  the 
hyphen,  the  other  (W)  the  usage  favoring  its  omission.     It 
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would  be  interesting  as  well  as  profitable  to  give  the  lists  in 
full;  but  space  forbids.  I  will,  therefore,  give  only  those 
combinations  found  in  one  or  the  other  of  the  dictionaries, 
and  these  combinations  are  typical  of  the  entire  list.  I  have 
grouped  together  (1)  the  combinations  of  monosyllables, 
(2)  the  combinations  of  dissyllables  with  monosyllables  or  dis- 
syllables, and  (3)  the  combinations  in  which  one  element  is  a 
trissyllable.  In  the  columns  the  symbol  [#]  means  that  the 
combination  is  given  as  two  words  (unhyphened)  in  the  dic- 
tionary under  which  the  symbol  occurs,  [-]  that  it  is  hyph- 
ened, and  [C]  that  it  is  a  solid  word  (with  the  elements 
joined  and  no  hyphen).  The  words  in  the  columns  appear  as 
noted  in  the  list. 

This  table  of  39  solid  words  shows  no  great  difference  in 
treatment  between  the  two  dictionaries.  Only  two  of  the  41 
solid  words  in  the  complete  list  were  not  to  be  found  in  either 
of  the  dictionaries ;  these  two  words  are  hridgework  and  knee- 
slide.  It  is  plain,  therefore,  that  the  solid-word  form  is  spar- 
ingly used  for  combinations  and  only  where  the  feel  for  it  is 
strong  and  very  general.  The  chief  characteristic  of  the  com- 
binations seems  to  be  that  the  individuality  in  sense  of  the 
thought  elements  is  pretty  much  lost  in  the  word  as  the  name 
of  a  simple  thing.  This  we  see  more  perfectly  exemplified  in 
such  terms'  as  hreakfast,  shipshape,  whitewash;  in  daisy, 
woman,  manly,  etc.,  the  elements  are  etymologically  so  ob- 
scured that  they  can  be  discovered  only  by  historical  methods. 

This  table  of  40  hyphened  combinations  of  monosyllables 
shows  at  once  a  decided  difference  in  treatment  by  the  two 
dictionaries,  the  one  giving  most  of  them  as  hyphened,  the 
other  the  majority  in  the  two- word  form.  The  variations  to 
the  solid- word  form  [3]  evidently  were  made  in  an  effort  to 
conform  to  usage.  In  the  list  as  a  whole  the  thought  elements 
involved  in  the  combinations  are  felt  individually  by  the  mind 
more  than  they  are  in  case  of  the  words  in  the  first  list. 

Of  the  hyphened-word  combinations  of  monosyllables  in  the 
complete  list,  24  are  not  in  either  dictionary.     A  few  of  these 
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are:  air-vein,  arch-hridge,  hridge-steel,  coal-dust,  coal-seam, 
fan-drift,  field-core,  guide-crown,  tail-sluice.  The  number 
(64)  of  hyphened  combinations  in  and  not  in  the  dictionaries 
shows  that  the  hyphened-word  form  is  more  freely  used  than 
the  solid-word  form. 

TABLE  II. 
40  Hyphened-word  Combinations  of  MoNosyLLABLES. 


Words  as  In  List. 

AslnF. 

As  In  W. 

Words  as  in  List. 

AsinF. 

AslnW. 

- 

Tf 

#oTc 

¥ 

iforC 

head-frame 

5 

^ 

sir-ffap 

head-race         .        .    . 

/-v 

ai^-^'alve 

hill-side        

^ 

bed-plate 

marsh-gas 

^ 

bed-rock 

pin-hole    

# 

cog-wheel 

crank-pin 

drive-pipe 

side-plate 

slide-rule 

# 

sluice-box                 .    . 

eye-bar 

snow-line 

# 

fire-damp 

stand-pipe 

flv-wheel.  . 

sway-brace 

■^ 

force-pump 

^ 

# 

guide-blade 

guide-ring 

tram-car 

waste-gate 

wheel-base 

¥ 

hand-hole 

+t 

hand-wheel 

wheel-work 

o 

This  table  too  shows  a  striking  difference  between  the  dic- 
tionaries, F  hyphening  nearly  all  the  combinations,  W  having 
nearly  all  in  the  two-word  form. 

It  is  noticeable  that  this  table  includes  a  considerably  larger 
number  than  either  of  the  two  preceding  tables;  but  a  still 
more  significant  fact  is  that  besides  the  55  combinations  in  the 
dictionaries  the  complete  list  includes  102  combinations  not  in 
either,  making  157  such  combinations  in  all.  A  few  of  those 
not  in  F  and  not  in  W  are :  air  plane  (=  plane  of  air,  not 
aeroplane),  arc  type,  arch  bridge,  hall  float,  hank  sand,  helt 
drive,  spark  gap.  Comparing  the  complete  lists  of  the  three 
forms  (C,  -,  ^),  we  find  157  5,  64  -,  and  41  C,  showing  that 
the  two-word  (#)  form  is  the  one  most  freely  used,  there  being 
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nearly  three  times  as  many  #  (157)  as  there  are  hyphened 
(64).  From  this  we  can  see  that  there  is  a  strong  tendency 
(at  least  in  engineering  works)  to  nse  the  two-word  form. 
Why  the  hyphen  is  used  in  the  words  in  the  previous  list  and 
not  in  those  in  this  must  be  due  merely  to  the  personal  idio- 
syncrasies of  the  users ;  no  othei*  reason  is  to  be  discovered. 

TABLE  III. 

55  OOMBINATIONS  OF  MONOSYLLABLES,   IN  THE  TWO-WORD  FORM. 


Words  as  in  List 

air  gap 

air  pump 

air  tap 

arc  lamp 

ball  race 

ball  valve 

brake  shoe 

breast  wheel .  .  . . 

crank  shaft 

drain  pipe 

drift  wood 

drill  press 

force  pump 

gas  shield 

gas  works 

guide  blade 

guide  rope 

hand  drill 

head  gate 

lathe  work 

lock  nut 

lift  bridge 

oil  hole 

pin  hole 

pipe  line 

pole  piece 

pump  rod 

rain  water 


AsinF.      AsinW. 


#orC 


Words  as  in  List 

road  work 

rock  shaft 

screw  cap 

screw  joint 

sheet  iron 

slide  rule 

slide  valve 

slip  ring 

sluice  gate 

soil  pipe 

spark  ball 

spark  gap 

steam  chest 

steam  pipe 

steam  pump 

steam  trap 

steam  mill 

sway  brace 

tail  stock 

test  tube 

valve  gear 

valve  rod 

valve  seat 

vent  plug 

waste  pipe 

wheel  base 

worm  gear 


As  in  F.  AsinW. 


Of  the  two-word  forms,  air  gap,  arch  bridge,  hridge  steel, 
coal  dust,  force  pump,  guide  hlade,  guide  crown,  pin  hold, 
pipe  line,  slide  rule,  sway  brace,  wheel  base,  also  occur  as 
hyphened  in  the  lists, — leaving  145  that  occur  only  in  the  two- 
word  form.     Crank  shaft  alone  occurs  also  as  a  solid  word. 
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Of  the  hyphened  forms  only  fly-wheel  and  hamd-wheel  occur 
as  solid  words. 

TABLE  IV. 

14  Solid-word  Combinations  of  a  Dissyllable  with  a  Monosyllable 
OR  A  Dissyllable. 


Words  as  In  List. 

AslnF. 

As  In  W. 

Words  as  In  List. 

AslnF. 

AslnW. 

gunmetal 

gunpowder 

horsepower 

9 

TT 

SoVc 

piledriver 

policeman 

c 

# 

stockholder 

^ 

motorman 

ironstone 

tidewater 

typewriter 

waterway 

.^ 

orebody 

passageway 

)()( 
)()( 

^ 

This  table  includes  all  the  solid-word  combinations  of  this 
class  found.     The  fact  that  the  list  is  so  small  and  includes  so 

TABLE  V. 
35  Hyphened  Combinations  of  a  Dissyllable  with  a  Monosyllable 

OR  A  DiSSYLABLE. 


Words  as  in  List. 


AslnF.      As  in  W. 


Words  as  in  List 

steam-engine .... 

stufBng-box 

time-table , 

trundle-wheel.  .  .  . 

water-closet , 

water-course 

water-gage 

water-gate 

water-jacket 

water-jet 

water-line 

water-organ 

water-pipe 

water-rain 

water-supply 

water-wheel 

weather-vane.  .  .  . 


Asin  W. 


air-chamber.  . 
ampere-turn .  . 
contact-maker, 
cutter-bar .... 
exhaust- valve, 
field-magnet.  . 
field-winding. . 
gas-engine .... 
gusset-plate.  .  . 
heat-engine.  . . 
horse-power.  .  . 
living-room.  . . 
motor-car.  .  .  . 
piston-rod .... 
plate-girder .  . . 
power-house.  . 
pressure-box .  . 
side-cutting . . . 


few  words  not  given  as  solid  in  the  dictionaries  and  no  word 
not  in  the  dictionaries  shows  that  the   solid-word  form  is 
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seldom  used  for  combinations  of  words  of  more  than  one 
syllable,  and  then  only  where  the  feel  for  its  use  is  stron-g. 

Only  the  words  horsepower  and  stockholder  occur,  in  the 
list,  in  any  other  form;  the  first  we  find  also  as  two  words 
and  hyphened;  the  latter  also  as  two  words.  The  similarity 
of  treatment  in  the  two  dictionaries  is  noticeable. 

In  this  table  the  contrast  between  the  two  dictionaries  is 
conspicuous.  It  is  also  noticeable  that  there  is  but  one  word, 
watercourse  given  as  a  solid  word  in  both  dictionaries,  show- 
ing, like  Table  IV,  that  there  is  little  tendency  for  combina- 
tions of  this  class  to  become  stereotyped  solid  words.  Besides 
the  terms  shown  above  there  are  in  the  complete  list  34  not  in 
either  dictionary,  making  69  in  all. 

Besides  the  94  unjoined  combinations  in  this  table,  there 
are  in  the  complete  list  298  combinations  not  to  be  found  in 
either  dictionary.  A  few  of  these  latter  are:  air  inlet,  air- 
plane motor,  arc  discharge,,  tappet  valve,  wage  question,  outlet 
valve,  oil  reserve,  ore  reserve,  hinder  screw.  No  distinct  dif- 
ference can  be  drawn  between  them  and  those  in  the  table 
above,  but  one  has  the  general  feeling  that  most  of  those  not  in 
the  dictionaries  are  more  obvious  in  meaning  and  less  imply  a 
conventionally  restricted  sense  than  do  those  that  are. 

We  find  that  of  the  two-word  forms  14  occur  also  in  the 
hyphened- word  form :  hrush  holder,  contact  maker,  cutter  bar, 
fan  chamber,  field  magnet,  gas  engine,  horse  power,  piston 
rod,  rubbing  surface,  steam  engine,  water  line,  water  pipe, 
water  supply,  water  ivheel. 

We  find  two  combinations  also  in  the  solid- word  form: 
horse  power  and  stock  holder. 

Comparing  the  combinations  of  the  class  shown  in  tables 
IV,  V,  and  VI,  we  are  impressed  by  the  fact  that  nearly  six 
times  as  many  (392)  are  in  the  two-word  form  as  are  hyphened 
(69),  and  that  94  of  the  two-word  combinations  are  in  the 
dictionaries  (in  F  mostly  hyphened,  in  W  mostly  as  two- 
words),  and  of  the  hyphened  combinations  34  are  in  the  dic- 
tionaries (in  F  mostly  hyphened,  in  W  mostly  as  two  words). 
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TABLE  VI. 

94  Combinations  of  a  Dissyllable  with  a  Monosyllable  or  a 
Dissyllable. 


Words  as  In  List 

air  cooling 

angle  iron 

ball  bearing 

beehive  oven.  .  .  . 

bevel  gear 

bevel  wheel 

blast  furnace. .  .  . 
brush  holder .... 
buffer  block .... 
carbon  steel.  .  .  . 
carriage  spring .  . 
coaster  brake ... 
contact  maker .  .  . 
contour  map.  . .  . 

copper  loss 

cotton  press.  .  .  . 
country  rock. .  . . 

cutter  bar 

datum  level 

driving  wheel .  .  . 
drop  hammer ... 
eddy  current.  .  .  . 
exhaust  part .... 
exhaust  steam .  .  . 
fan  chamber .... 
field  magnet .... 
field  winding. . .  . 

filter  bed 

flange  coupling.  . 
friction  clutch . . . 
friction  roller .  .  . 

gas  engine 

hand  lever 

heater  coil 

horse  power.  ... 
impulse  turbine.  . 

inlet  valve 

iron  foundry.  . .  . 

iron  loss 

iron  ore 

iron  works 

lead  pencil 

lead  sulphate.  .  . 

linseed  oil 

machine  screw.  . 
milling  machine . 
molding  sand.  .  . 


As  In  F.    As  In  W. 


#or 


Words  as  In  List. 

nickel  steel 

packing  ring 

parlor  car 

phosphor  bronze.  . 

pillow  block 

piston  rod 

power  current .  . .  . 

power  factor 

pressure  gage.  .  .  . 

pump  barrel 

punching  machine 

radius  vector 

rocker  shaft 

rolling  mill 

sea  level 

service  pipe 

spelter  solder 

spray  nozzle 

sprocket  wheel  .  .  . 

steam  boiler 

steam  engine 

steam  fitting 

steam  turbine.  .  .  . 

stock  holder 

stock  market 

suction  pipe 

suction  primer.  .  . 

suction  valve 

sumping  shot.  .  .  . 

surface  gage 

swaddling  clothes, 
thrust  bearing .  . .  . 

toggle  joint 

traction  engine .  .  . 

tumbler  gear 

wagon  train 

walking  beam .  . .  . 
water  hammer .  .  . 

water  level 

water  line 

water  pipe 

water  side 

water  wheel 

winter  time 

working  barrel .  .  . 
zinc  choloride.  .  .  . 
zinc  sulphate 


As  In  F, 


Xk 

~ 

tr 

# 

~ 

Tf 

# 

^ 

^ 

- 

tT 

~ 

ff 

- 

# 

> 

~ 

Tt 

_ 

# 

U- 

- 

TT 

- 

rr 

a 

- 

TT 

ii 

^,^ 

TT 

^-- 

Hr 

~ 

TT 

- 

_ 

T 

# 

i 

a 

+T 

TT 

389 


THE  HYPHEN  IN  ENGINEEEING  LITEEATURE. 

From  this  it  is  clear  that  the  usage  of  the  seventeen  books 
examined  very  decidedly  favors  the  two-word  form,  and  I 
think  those  books  are  typical  of  general  engineering  usage. 

There  is  not  room  here  to  make  any  analysis  in  order  to  dis- 
cover some  principle  of  distinction  between  the  two  forms.  I 
have,  however,  made  an  elaborate  but  fruitless  comparison; 
no  such  principle  was  found. 

TABLE  VII. 
3  Hyphened  Combinations  of  a  Trisyllable  with  another  Word. 


Word  as  in  List. 

As  in  F. 

AsinW. 

Word  aa  In  List. 

As  in  F. 

AsinW. 

connecting-rod 

- 

# 
tt 

opera-glass 

- 

# 

No  solid-word  combinations  having  at  least  one  trissyllable 
were  found  and  the  three  given  above  are  all  that  occurred 
hyphened.  Of  these  connecting-rod  and  opera-glass  occurred 
also  as  two-word  combinations. 


TABLE  VIII. 

29  Two-word  Combinations  of  a  Trisyllable  with  another  Word. 


Words  as  in  List. 

AsinF. 

As  in  W. 

Words  as  in  List. 

AsinF. 

As  in  W. 

air  compression 

cantilever  bridge 

caterpillar  tractor 

canary  wood        

a- 

tr 

tr 
# 

# 

illuminating  gas 

inductance  coil 

induction  coil 

motor  generator 

motor  interruptor 

platinum  metal 

power  component 

resistance  box 

resistance  thermometer 

riveting  machine 

steam  cylinder 

storage  battery 

surface  condenser 

vector  quantity 

collector  ring 

condensing  engine 

connecting  rod 

current  density 

cylinder  condensation.  . 

fire  department 

flux  density 

# 

hammer  break 

hedgehog  transformer.  . 
hydrogen  peroxide 

In  this  table  W  gives  all  the  combinations  in  the  two- word 
form,  and  F  gives  a  much  larger  percentage  so  than  in  the 
prevous  tables. 
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In  the  complete  list  there  are  285  combinations  of  this  class, 
but  those  in  tables  VII  and  VIII  are  the  only  ones  given  in 
the  dictionaries.  The  aversion  of  engineering  usage  to  the 
hyphen  in  compounds  of  this  class  is  still  more  decided  than 
in  case  of  the  previous  forms. 

There  seems  to  be  but  two  conclusions  that  are  clearly  to  be 
drawn  from  all  these  samples,  (1)  that  two-noun  combinations 
are  freely  used  in  modern  engineering  literature,  and  (2)  that 
most  of  such  combinations  have  the  two-word  form. 

I  have  made  further  comparisons  which  there  is  no  room 
here  to  state ;  but  I  may  say  that  from  the  whole  list  it  is  plain : 
(1)  that  usage  does  not  in  the  majority  of  cases  observe  the 
rule  that  a  hyphen  shall  be  used  where  the  latter  element  de- 
notes action  upon  the  first,  as  in  stock  holder,  air  compression, 
cotton  press;  and  (2)  that  the  same  is  true  of  the  rule  requir- 
ing the  hyphen  to  avoid  the  suppositions  misleading  in  such 
cases  as :  walking  beam,  living  room,  walking  stick — but  usage 
does  require  the  hyphen  however  in  every  case  where  its  use 
is  required  to  make  the  sense  clear. 

In  connection  with  this  paper  I  may  add  that  some  15  years 
ago  I  made  a  collection  of  upwards  of  7,000  two-word  com- 
binations and  found  then  that  in  the  newspaper,  sciences,  in- 
dustries, etc.,  there  were  many  more  two  noun  combinations  in 
the  two-word  form  than  there  were  of  those  hyphened;  but 
that  in  pure  literature  the  two  forms  about  broke  even.  I 
was  as  unable  then  as  now  to  discover  any  rule  or  principU 
that  would  explain  why  some  of  the  words  were  hyphened  and 
not  others  which  seemed  the  same  in  principle  of  formation. 
I  believe  that  in  the  end  the  hyphen  will  be  used  only  with  a 
definite  meaning,  and  it  is  plain  to  see  how  this  can  be  done. 


391 


A    GENERAL    ENGINEERING    COURSE. 

BY  C.  H.  BENJAMIN, 
Dean,  School  of  Engineering,  Purdue  University. 

Letters  under  date  of  March  4  were  sent  to  seventeen  rep- 
resentative technical  universities,  asking  for  information  as 
to  present  or  prospective  courses  in  general  engineering.  By 
this  was  meant  a  course  which  for  the  first  two  years  should 
be  practically  the  same  as  the  other  engineering  courses,  but 
which  in  the  junior  and  senior  years  should  contain  a  selec- 
tion of  subjects  from  other  courses  embracing  fundamental 
principles  rather  than  special  applications. 

The  answers  to  these  letters  show  only  two  institutions 
which  have  such  a  course  at  present.  Ohio  State  University 
has  a  course  in  general  engineering,  the  first  two  years  being 
in  required  fundamental  subjects  and  the  last  two  years  be- 
ing almost  entirely  optional.  Some  work  in  commercial  engi- 
neering is  included.  Massachusetts  Institute  of  Technology 
offers  a  course  entitled  general  engineering.  There  is  a  pretty 
definite  schedule  under  the  direction  of  a  special  committee 
but  some  electives  are  allowed.  ''This  course  is  designed  to 
meet  the  needs  of  those  who  do  not  wish  to  specialize  in  any 
particular  branch  of  engineering  to  the  extent  demanded  by 
the  regular  engineering  courses. ' ' 

Cornell  University  formerly  had  such  a  course  which  was 
very  successful  and  was  discontinued  solely  on  account  of  the 
death  of  Professor  Hess  who  was  conducting  it.  It  has  been 
consolidated  with  the  course  in  industrial  engineering. 

Minnesota  has  just  abolished  a  course  of  this  kind  which 
had  been  in  operation  several  years,  the  reason  given  being 
that  it  had  become  a  refuge  for  "lame  ducks."     There  is  a 
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flourishing  school  of  business  at  this  university  which  offers 
some  courses  suitable  for  engineers. 

The  University  of  Michigan  has  certain  group  options  cover- 
ing from  12  to  17  semester  hours  in  the  senior  year  and  among 
these  are  options  called  general  engineering,  science,  including 
advanced  work  in  mathematics,  physics,  chemistry,  civil  engi- 
neering, mechanical  engineering,  electrical  engineering,  as- 
tronomy, mechanics,  mechanism,  chemical  engineering,  politi- 
cal economy  and  sociology.  In  this  option  eight  hours  are  free 
electives.  A  fifth  year  is  contemplated  and  many  of  the  tech- 
nical subjects  may  be  carried  into  this  year,  leaving  the  four- 
year  course  more  general  than  at  present. 

Illinois  is  considering  the  development  of  a  new  training 
course  for  foreign  sales  engineers,  which  will  be  of  a  general 
character. 

The  University  of  Pennsylvania  has  the  subject  of  a  general 
course  under  consideration  and  the  matter  is  now  in  the  hands 
of  a  committee. 

Several  institutions  have  options  or  partial  courses  in  indus- 
trial engineering  which  in  some  ways  answer  the  demand  for 
a  general  course. 

The  Pennsylvania  State  College  has  such  a  course  leading 
to  a  degree,  which  includes  management,  organization,  indus- 
trial planning  and  salesmanship. 

Courses  in  economics  and  history  are  given  in  the  junior 
year  for  all  engineering  students  while  in  the  senior  year  elec- 
tives are  offered  in  business  law,  corporations,  transportation, 
money  and  banking  and  political  science. 

At  Sheffield  Scientific  School  the  governing  board  is  con- 
sidering a  course  in  administrative  engineering  which  will 
include  industrial  management,  labor  problems,  statistics, 
business  law,  etc. 

The  University  of  Pittsburgh  is  planning  a  course  in  general 
engineering  which  will  probably  be  called  executive  engineer- 
ing. This  will  be  similar  to  courses  in  industrial  engineering 
administered  elsewhere. 
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Wisconsin  had  at  one  time  a  course  in  general  engineering 
which  did  not  prove  satisfactory  and  which  was  accordingly 
abandoned.  The  course  was  specific  the  first  two  years  but 
was  largely  elective  in  the  junior  and  senior  years.  This 
tended  to  make  it  an  easy  mark  for  indifferent  students.  At 
present  options  are  offered  in  economics,  management,  etc.,  to 
engineering  students. 

The  State  Colleges  of  Iowa,  Kansas,  Michigan  and  Nebraska 
report  no  movement  in  the  direction  of  general  engineering 
courses. 

Rensselaer  and  Worcester  are  likewise  reported  as  not  con- 
templating courses  of  this  character. 

I  take  the  liberty  of  quoting  from  one  of  the  letters  received, 
the  opinion  of  a  prominent  professor  of  engineering  in  one  of 
the  larger  institutions  as  the  quotation  seems  to  me  to  outline 
the  situation  very  clearly: 

' '  1.  There  was  a  time  when  specialized  training  in  the  vari- 
ous engineering  branches  was  distinctly  desirable,  but  at  the 
present  time,  engineering  is  so  far  developed  that  a  competent 
engineer  needs  a  broad  fundamental  training  in  engineering. 
He  will  still  be  able  to  specialize  if  he  desires  after  he  has 
found  out  the  particular  phases  of  engineering  which  he  is 
called  upon  to  know  in  detail.  Our  present  system  of  special- 
ization along  the  lines  of  mechanical,  electrical,  civil,  chemi- 
cal and  other  engineering  subdivisions  is  extremely  narrow 
and  tends  to  give  a  man  a  very  small  pedestal  upon  which  we 
expect  him  to  build  a  somewhat  broader  superstructure.  In 
my  opinion,  the  procedure  should  be  exactly  reversed. 

"2.  It  is  very  well  for  a  young  man  19  years  of  age  to  labor 
under  the  impression  that  he  wants  to  specialize  along  certain 
definite  lines,  but  experience,  of  course,  has  shown  all  of  us  in 
the  educational  fields  that  this  is  a  serious  mistake,  as  a  man 
of  real  capacity  seldom  follows  the  particular  details  upon 
which  he  specialized  while  at  college.  When  he  reaches  40  or 
45  years  of  age  and  has  become  a  man  capable  of  assuming 
large  responsibilities  and  has  to  associate  with  men  of  broad 
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education  and  with  large  business  and  social  opportunities,  he 
begins  to  realize  how  seriously  handicapped  he  is  through  his 
failure  to  take  advantage  of  a  more  general  education  while 
in  college. 

*'3.  Unfortunately,  today,  we  turn  out  in  the  majority  of 
our  institutions,  a  large  percentage  of  men  who  will  never  be 
engineers.  They  belong  to  the  general  group  of  mechanics  or 
mechanicians.  This  will  probably  always  be  true,  but  it  seems 
a  mistake  to  restrict  and  narrow  the  educational  possibilities 
of  the  men  who  have  the  natural  qualifications  and  capacity 
to  handle  an  engineering  course  from  a  broader  viewpoint 
than  that  of  the  mechanician. 

"4.  Realizing  that  courses  in  general  engineering  as  tried 
at  some  other  institutions  had  proved  to  be  the  waste  basket 
into  which  lazy,  inefficient  men  finally  landed,  thus  giving 
the  course  a  'black  eye,'  I  feel  that  if  we  introduce  a  course 
in  general  engineering,  it  should  be  somewhat  on  the  follow- 
ing basis. 

"Instead  of  being  the  waste  basket  into  which  men  unable 
to  maintain  themselves  in  the  regular  engineering  courses 
were  allowed  to  drift,  the  course  in  general  engineering  should 
be  placed  on  a  higher  plane  then  the  detailed,  specialized 
courses.  Only  a  limited  number  of  students  should  be  given 
the  privilege  of  taking  the  course.  It  should  be  regarded  as 
a  mark  of  distinction  to  be  approved  for  this  course. 

''On  this  basis  I  believe  that  such  a  course  could  be  made  a 
very  distinct  success  and  would  meet  a  very  definite  require- 
ment of  the  present  day." 

Summing  up  the  information  received  from  seventeen  in- 
stitutions, we  find  two  which  administer  courses  in  general 
engineering  at  the  present  time,  three  which  have  had  such 
and  abandoned  them  for  divers  reasons  and  five  which  have  a 
course  of  this  character  in  contemplation. 

In  this  last  group  some  will  probably  adopt  a  course  rather 
of  the  industrial  than  of  the  general  type. 

The  following  conclusions  seem  warranted  by  the  data : 
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(a)  The  need  is  felt  of  a  certain  amount  of  general  engi- 
neering and  business  training  outside  of  the  usual  curriculum. 

(&)  This  need  is  to  a  degree  met  by  the  use  of  options  and 
electives  in  the  junior  and  senior  years. 

(c)  When  a  fairly  liberal  course  in  administrative  or  in- 
dustrial engineering  is  open  to  students,  the  need  of  the  gen- 
eral course  is  not  so  evident. 

{d)The  failure  of  general  courses  in  the  past  has  been  due 
to  the  lack  of  a  rigid,  well  planned  course  and  to  the  over 
liberal  use  of  options. 

(e)  The  subject  of  giving  a  broader  training  in  engineering 
is  one  which  is  being  largely  considered  by  many  of  the  lead- 
ing technical  institutions. 
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BY  R.  R.  KIRK, 

Secretary. 

Members  and  friends  of  the  Georgia  School  of  Technology 
Section  of  the  S.  P.  E.  E.  were  addressed  recently  by  Mr.  S. 
C.  Coler  of  the  Westinghouse  Electric  &  Manufacturing  Co. 
on  ''Opportunities  for  Technical  Graduates  in  the  Electrical 
Field. ' '  Mr.  Coler  also  called  attention  to  some  of  the  weak- 
nesses of  the  technical  graduate  from  the  employer's  point  of 
view. 

America  is  taking  her  predestined  place  in  world  affairs; 
she  is  sending  out  increasingly  her  raw  materials  and  her 
manufactured  products;  ships  must  be  built  and  outfitted 
with  improved  machinerj^;  harbors  and  docks  must  be  built; 
the  demand  is  to  be  increasingly  great  for  men  of  resource 
and  education  to  develop  production  and  transportation  to 
their  utmost. 

The  speaker  believed  that  teachers  in  technological  schools 
should  emphasize  fundamentals  and  also  the  economic  aspects 
of  engineering.  Specialization  can  be  overemphasizezd.  The 
demand  is  for  engineers,  not  for  C.E.'s,  M.E.'s,  etc. 

The  young  engineer  is  often  found  to  be  lacking  in  the  fol- 
lowing particulars :  In  native  ability  of  the  engineering  kind ; 
in  judgment  in  practical  matters ;  in  a  knowledge  of  men  that 
enables  one  to  work  with  them,  and  especially  with  workmen ; 
in  a  comprehension  of  the  position  occupied  by  the  engineer 
in  industrial  society;  in  the  ability  to  measure  values;  in 
observation;  in  originality;  in  the  sort  of  courage  which  en- 
ables one  to  accept  responsibility ;  in  a  knowledge  of  business 
ethics ;  in  a  proper  conception  of  the  importance  of  health  as  a 
factor  in  success. 
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These  were  presented  as  matters  for  teachers  of  engineers 
to  consider.  Some  of  them,  it  was  believed,  might  be  to  some 
degree  corrected  by  the  teacher;  others  are  perhaps  beyond 
his  control.  But  the  teacher's  aim  should  be  to  prepare  his 
students  to  take  part  in  a  work  calling  more  and  more  insist- 
ently for  originality,  resource,  breadth  of  view,  and  a  gen- 
uinely scientific  knowledge  of  fundamentals. 
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METHODS    OF    PREPARING    REPORTS    FOR 
TESTS    IN    ENGINEERING    LAB- 
ORATORIES. 

BY  H.  IT.   FIKEER, 
Assistant  in  Mechanical  Engineering,  University  of  Illinois. 

One  of  the  most  important  and  to  a  great  extent  puzzlin;? 
problems,  with  which  those  of  us  who  are  selected  to  guide 
the  destinies  of  an  engineering  laboratory,  is  the  matter  of 
deciding  upon  a  correct  method  of  reporting  a  test.  If  the 
writer  is  to  judge  by  his  experience  and  his  association  with 
the  laboratory  staffs  of  some  four  or  five  of  our  state  universi- 
ties, it  can  be  safely  said  that  at  the  beginning  of  each  college 
year  the  main  question  to  be  discussed  at  the  first  staff  meet- 
ing, is  the  one  concerning  report  writing.  Needless  to  say 
that  a  great  many  systems  have  been  adopted  and  pursued  for 
a  year  or  two  and  then  abolished  for  the  reason  that  the  per- 
sonnel of  the  staff  has  changed  and  consequently  the  method 
of  the  "older  fellows"  must  be  done  away  with.  Thus  it  is 
seen  that  it  is  greatly  a  matter  of  opinion. 

It  is  worth  while  to  review  briefly  the  outlines  of  some  ar- 
rangements used  in  certain  laboratories  from  time  to  time, 
and  discuss  the  merits  and  shortcomings  of  each. 

Remembering  that  the  students  are  to  be  taught  the  proper 
method  of  complying  a  report  of  a  commercial  test,  the  fol- 
lowing form  may  be  considered. 

The  report  should  be  headed  with  some  conventional  form 
of  introduction  as  given  below : 

To  THE  Experimental  Eng.  Lab., 
Dept.  of  Mech.  Eng.,  XTZ/,  A 

The  University  of  XYZ.  Sept.  1,  1917. 

Gentlemen: 

I  Tvoiild  respectfully  submit  the  folloxving  report  on  

(State  here  the  title  of  the  experiment) 
1.  Object:  State  clearly  and  concisely  the  object  of  the  experiment, 
and  give  the  date  on  which  the  work  was  done. 
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2.  Apparatus  (a)  Apparatus  tested.  Describe  in  a  genral  way  the 
apparatus  tested,  making  use  of  sufficient  diagrams,  photographs,  blue 
prints,  or  sketches  to  make  clear  the  arrangement  of  the  apparatus. 
Where  diagrams,  etc.,  are  used,  give  each  a  title,  letter  its  parts,  and 
refer  to  those  parts  by  letter.  All  diagrams  aid  sketches  should  be  in 
ink,  not  pencil. 

3.  Method:  Describe  the  method  of  (performing  the  experiment  or  test, 
in  making  the  test,  describing  any  special  forms.  Where  it  seems  desir- 
able, make  use  of  photographs,  diagrams,  sketches,  etc.,  as  above. 

3.  Method:  Describe  the  method  of  performing  the  experiment  or  test, 
telling  exactly  what  was  done  in  carrying  on  the  work, 

4.  Data:  Tabulate  all  data  (this  refers  especially  to  observed  data) 
in  neat  form  in  ruled  columns  on  a  separate  sheet  or  sheets.  Provide  a 
proper  explanatory  title  to  each  table,  and  head  each  column  with  name 
of  ot)servation  and  the  unit  in  which  it  was  measured. 

When  indicator  cards  are  taken,  always  include  sample  cards,  firmly 
and  neatly  attached  to  a  standard-size  sheet,  giving  on  each  card  enough 
data  to  identify  it  completely. 

5.  Eesults:  Under  this  head  should  be  included: 

(a)   Formulae  used,  explaining  how  they  are  derived. 
(h)  Sufficient  computations  with  all  operations  indicated,  so  that  the 
method  of  obtaining  all  results  may  readily  be  understood. 

(c)  Final  results  in  tabular  form. 

(d)  Curves  where  desirable,  showing  graphically  the  results  obtained. 
These  should  be  plotted  on  8%  x  11  coordinate  paper,  punched  on  the 
left-hand  side.  Each  sheet  should  be  labeled,  unless  otherwise  directed, 
take  the  dependent  variable  as  ordinate,  and  as  a  rule  place  the  zero  of 
the  curve  on  the  curve  sheet.  Print  the  legend  for  the  abscissa  horizon- 
tally and  that  for  the  ordinate  vertically,  so  that  each  reads  away  from 
the  orgin.  Always  state  the  unit  in  these  legends.  Plot  the  curve  to  a 
reasonable  scale,  indicating  the  observed  (or  calculated)  points  by  means 
of  small  circles,  squares,  etc.  Usually  a  smooth  curve  does  not  have 
to  go  through  all  the  points. 

6.  Discussion:  Give  a  brief  summary  of  the  experiment,  calling  atten- 
tion to  the  most  important  results  obtained.  Discuss  any  peculiarity  of 
the  results  themselves;  if  too  high  or  to  low,  discuss  possible  causes. 
Discuss  anything  tending  to  prove  or  disprove  doubtful  data.  State 
what  your  results  prove.  If  any  laws  are  developed,  state  them.  Com- 
pare with  theory  and  standard  practice  and  state  whether  or  not  the 
machine  or  equipment  tested  has  fulfilled  special  requirements.  In  every 
case  where  quotations  are  used,  the  name  of  the  authority  quoted,  and  the 
reference,  should  be  given.  Respectfully  submitted, 

(Signature). 
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The  above  form  is  no  doubt  one  that  if  carefully  and  com- 
I)letely  followed  out  by  the  student  will  result  in  a  satisfac- 
tory report.  The  most  important  element,  however,  which 
plays  a  large  part  in  adopting  a  form  such  as  the  one  under 
consideration,  is  time.  If  the  student  is  to  write  such  a  re- 
port on  every  test  that  is  run  during  the  entire  semester,  will 
he  be  devoting  such  a  large  portion  of  his  time  to  his  labora- 
tory course  that  he  must  necessarily  let  some  other  course 
''slide?"  This  has  been  the  case  at  times.  In  order  to  take 
care  of  this  point  the  above  long  and  complete  form  could  be 
tested  to  only  a  few  of  the  tests  made,  say  2  or  3  during  the 
semester.  In  that  case  it  would  be  best  to  require  this  long 
form  to  be  applied  to  one  of  the  first  tests  in  the  course,  then 
one  about  the  middle  and  one  towards  the  end  of  the  semester, 
in  order  that  the  student  may  profit  by  the  corrections  made 
to  the  previous  report.  Another  way  to  require  less  outside 
time  from  the  student  in  preparing  such  a  report  is  to  allow 
him  a  number  of  laboratory  periods  after  the  period  in  which 
the  test  was  run,  to  compute  the  results,  plot  curves,  make 
sketches  and  diagrams,  leaving  only  the  descriptions  of  the 
apparatus,  method  of  procedure  and  discussion  of  results  to 
be  written  during  study  hours  outside  of  the  laboratory. 

It  is  interesting  to  notice  the  conventional  form  of  intro- 
duction used  in  the  above  outline.  While  some  such  begin- 
ning would  be  essential  in  commercial  reports,  the  opinion  of 
the  writer  is  that  a  letter  would  accompany  the  report  when  it 
is  submitted  and  contain  this  section  more  properly. 

Under  the  title  of  Apparatus  it  will  be  seen  that  photo- 
graphs are  made  use  of.  While  photographs  of  the  unit  tested 
equipped  with  the  testing  apparatus  provides  a  very  conveni- 
ent means  of  showing  the  set  up  of  the  test,  it  is  very  doubtful 
whether  the  student  profits  to  any  large  extent  from  examin- 
ing the  photographs,  marking  the  various  parts  with  different 
letters  and  tabulating  the  names  of  these  parts  corresponding 
to  the  letters  placed  on  the  picture.  Opinions  differ  on  this 
point  very  greatly,  and  the  writer  begs  to  discuss  this  part  of 
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the  report  by  merely  submitting  his  personal  opinion.  Ex- 
perience has  shown  that  requiring  the  student  to  draw  a  line 
diagram  of  the  unit  or  units  tested  showing  pipe  lines,  belting 
and  similiar  attachments,  while  requiring  a  considerable 
amount  of  time,  is  liable  to  be  of  greater  service  in  giving  the 
student  a  better  knowledge  of  the  equipment  he  tested  than  a 
photograph  would.  To  save  time,  a  cut  of  the  line  diagram 
of  the  apparatus  tested  can  be  supplied  to  the  student,  which 
would  appear  in  the  final  report.  In  a  number  of  laboratories 
neither  a  photograph  or  a  line  diagram  is  used.  In  deciding 
the  necessity  of  using  some  kind  of  a  cut  of  the  apparatus 
tested,  it  should  be  remembered  that  the  function  of  laboratory 
instructors  is  not  merely  to  have  the  students  take  readings 
of  pages,  thermometers,  speed  counters,  and  the  like  and  then 
proceed  to  the  computing  room  and  make  his  calculations. 
This  only  constitutes  a  small  part  of  the  work,  for  the  student 
usually  is  taught  in  some  previous  theoretical  course  how  to 
make  these  computations.  A  great  deal  of  attention  should  be 
given  to  the  methods  of  taking  readings,  the  function  of  each 
measuring  device  used,  the  way  in  which  that  device  is  con- 
nected and  its  point  of  location,  so  that  the  student  may  learn 
just  as  much  on  the  laboratory  floor  as  he  does  in  the  class- 
room. One  of  the  main  weaknesses  of  our  present  laboratory 
systems  is  that  everything  is  made  ready  for  the  student,  so 
that  he  never  gets  any  experience  in  preparing  a  machine  for 
a  test,  nor  is  it  impressed  upon  him  that  making  preliminary 
tests  are  absolutely  essentials.  In  fact  in  many  cases  the  stu- 
dent is  not  acquainted  with  the  method  of  starting  and  stop- 
ping the  machine  he  is  testing.  Is  it  any  wonder  then  that 
some  of  our  graduates  would  be  completely  at  sea  if  he  were 
to  be  obliged  to  organize  a  test  and  make  a  report  of  his  work  ? 
It  must  be  admitted  that  to  cover  the  various  types  of  ma- 
chines in  a  certain  line,  a  large  number  of  tests  must  be  made 
during  the  time  allotted  to  laboratory  practice,  but  no  doubt 
it  would  be  more  advisable  and  essential  that  to  make  fewer 
tests  and  spend  enough  time  on  each  test  for  the  student  to 
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receive  a  complete  understanding  of  the  test  methods  em- 
ployed, and  the  general  purpose  of  the  test,  rather  than  have 
a  large  number  of  tests  and  devote  a  very  small  amount  of 
time  to  essential  fundamentals.  The  modern  trend  in  the  re- 
vised engineering  courses  is  not  to  devote  a  great  deal  of  time 
to  specialization,  but  to  give  the  student  a  good,  solid,  general 
fundamental  course  in  engineering  upon  which  he  may  build 
after  he  finds  his  choice  for  specialization  when  he  has  had 
more  of  the  particular  kind  of  experience  necessary  in  that 
field.  It  seems  that  some  such  reasoning  may  well  be  applied 
to  laboratory  practice,  for  one  who  is  familiar  with  methods 
of  testing,  and  who  has  been  taught  to  cultivate  accuracy  and 
neatness  in  work,  is  much  more  liable  to  make  a  success  as 
an  experimentor  than  one  who  has  specialized  in  testing  a 
certain  line  of  machinery,  or  one  who  has  had  in  his  training 
been  allowed  to  make  tests  of  a  large  variety  of  machines,  but 
has  little  knowledge  of  fundamentals. 

The  third  part  of  the  outline  is  no  doubt  essential  whether 
a  mere  laboratory  or  a  commercial  report.  Methods  used  in 
conducting  the  test  must  be  explained  if  one  is  to  be  able  to 
account  for  certain  points  in  the  results  which  may  not  be 
self-explanatory. 

Passing  on  to  the  fourth  part,  we  come  to  a  very  important 
point.  The  matter  of  teaching  students  how  to  take  neat  and 
accurate  readings  is  by  no  means  an  easy  one.  The  observed 
data  or  the  data  taken  on  the  test  should  be  kept  on  sheets  as 
specified  in  the  form  under  consideration.  One  of  the  best 
methods  of  taking  the  readings  is  to  provide  a  general  log 
sheet,  on  which  should  appear  neatly  tabulated  all  the  read- 
ings taken  during  the  test.  In  case  a  complete  report  is  to  be 
made  of  the  test,  a  tracing  and  blue  print  can  easily  be  made 
of  this  log  sheet  and  each  student  on  the  test  be  provided  with 
a  copy.  Furthermore  having  all  the  data  on  one  sheet,  where 
it  can  be  totaled  and  averaged,  diminishes  the  chances  for  one 
or  a  few  of  the  various  station  logs  sheets  to  get  lost  and 
therefore  make  the  whole  test  useless.    Without  further  dis- 
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cussing  the  above  form,  it  is  worth  while  to  consider  very 
briefly  the  following  outline : 
^ ^ Section  1.     This  includes: 

(a)  Object  of  the  test. 

(&)  Performance  guarantees  which  the  equipment  is 
supposed  to  meet. 

4c)   Summarize  the  most  important  test  results,  and  state 
your  conclusions  concerning  same. 
^'Section  2.     This  includes: 

{a)   Curves  or  graphical  log  sheets. 

(&)  Data  and  results  sheets. 
^'Section  3.     This  includes: 

{a)  Description  of  test  including  the  apparatus  as  tested 
and  the  methods  employed  in  testing,  also  sketches 
and  diagrams. 

(&)  A  brief  discussion  of  any  special  methods  used  or 
unusual  conditions  existing  during  test. 
*' Section  4.     This  includes: 

(a)   Sample  calculations. 

(&)   Indicator  cards. " 
It  will  be  seen  that  this  outline  is  similar  to  the  one  previously 
presented,   containing  almost  the  same   items  and  differing 
only  in  the  matter  of  arrangement. 

The  writer  would  recommend  this  arrangement  as  in  his 
opinion  it  represents  more  nearly  a  commercial  type  of  report 
if  complied  in  the  order  shown.  Attention  could  be  called  to 
Section  I.  part  (fo)  and  part  (c),  which  did  not  appear  in  the 
first  outline  considered.  The  advisability  of  stating  the 
guarantee  which  the  equipment  is  to  come  up  to  goes  without 
saying.  One  who  is  in  the  position  of  buyer,  no  doubt  ought 
to  be  informed  of  the  guarantee  under  which  the  particular 
piece  of  equipment  is  to  be  sold. 

Part  (c)  is  more  or  less  an  answer  to  part  (&).  This  sec- 
tion should  not  contain  any  more  results  than  what  is  in- 
cluded in  guarantee.  If  part  (c)  contains  the  proper  results 
and  a  precise  conclusion  includes  a  recommendation  concorn- 
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ing  the  equipment,  the  rest  of  the  report  may  in  many  cases 
become  a  minor  part. 

Section  2  in  two  parts  contains  what  is  no  doubt  the  next 
important  section  of  a  commercial  report.  If  one  is  not  con- 
vinced by  the  contents  of  section  1  and  has  a  desire  to  further 
investigate;  parts  a  and  b  of  section  2  will  no  doubt  give 
valuable  information  and  show  the  performance  of  the  ma- 
chine, tested. 

Sections  3  and  4  are  contained  in  the  form  previously  dis- 
cussed. The  only  difference  is  the  order  in  which  they  ap> 
pear.  Section  3  is  essential  as  far  as  a  complete  report  is  con- 
cerned, but  could  be  omitted  from  a  commercial  report  but 
must  be  included  in  a  report  made  by  students  if  the  instructor 
is  to  be  able  to  trace  out  an  error. 

Part  (&)  of  Section  4  of  course  should  be  included  in  either 
case. 

The  above  discussion  does  by  no  means  exhaust  the  subject 
and  solve  the  problem.  Conditions,  such  as  the  number  of 
hours  devoted  to  laboratory  work,  the  equipment  available 
for  testing,  and  the  theoretical  courses  a  student  takes  in  his 
curriculum  has  a  great  deal  of  effect.  With  the  amount  of 
time  usually  available  for  laboratory  work  the  student  can 
not  be  taught  correct  English.  It  would  be  advisable  to  have 
a  course  some  where  in  the  students '  schedule  when  he  can  be 
taught  to  compile  a  commercial  report.  This  course  for  engi- 
neering students,  should  deal  with  engineering  subjects  and 
preferably  should  be  taught  by  one  who  has  made  a  study  of 
writing  engineering  reports. 

The  courses  taught  in  the  class  room  when  the  theory  is 
expounded  upon  the  apparatus  the  student  is  to  test  when  he 
enrolls  in  the  laboratory  course,  should  so  correlate  with  the 
laboratory  course  that  time  ought  not  to  be  spent  in  the  labora- 
tory in  repeating  the  theory.  The  matter  of  corrolation  is 
important  and  it  is  safe  to  say  that  one  can  easily  find  a  good 
deal  of  repetition  in  courses  at  the  present  time. 
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The  work  of  the  Committee  of  Physics  has  reached  a  stage 
where  a  review  of  its  endeavors  should  be  given  and  a  recom- 
mendation made  to  the  Society  for  future  action.  The  pres- 
ent Committee  was  appointed  in  1916.  It  found  that  its 
predecessor  had  presented  an  excellent  report  which  con- 
tained the  results  of  a  survey  of  the  courses  in  physics  in  the 
various  engineering  colleges  and  certain  important  recom- 
mendations. Your  Committee  proceeded  to  ascertain  in  what 
direction  the  greatest  assistance  could  be  rendered  to  instruc- 
tion in  physics  and  it  decided  that  correlation  of  the  course  in 
physics  with  subsequent  courses  using  the  fundamental  prin- 
ciples of  physics  would  be  the  most  valuable  contribution  the 
committee  could  make  in  the  work  of  the  Society. 

On  March  15,  1917,  the  Committee  on  Mechanics,  through 
its  chairman,  Professor  E.  R.  Maurer,  agreed  to  a  joint  effort 
in  cooperation  which  may  be  described  as  the  ''preparation 
of  a  syllabus  on  mechanics"  as  a  highly  ''desirable  method  of 
influencing  the  cooperation  which  should  exist  between  the 
two  courses  in  mechanics."  The  Committee  on  Physics  was 
to  prepare  the  physics  portion  of  the  syllabus  and  the  Com- 
mittee on  Mechanics  was  to  prepare  the  material  for  the 
course  in  mechanics.  The  order  of  presentation  of  the  topics 
of  the  syllabus  was  to  be  merely  that  of  convenience,  emphasis 
being  placed  on  subject  matter  rather  than  upon  order  of  pre- 
sentation. 

The  Committee  on  Physics  prepared  its  portion  of  the  sylla- 
bus which  was  submitted  to  the  Committee  on  Mechanics  on 
December  6,  1917.  The  form  of  the  "Content"  was  an  alpha- 
betical list  of  subject  matter,  with  all  formulae,  units  and  even 
the  nature  of  the  problems,  the  latter  appearing  each  one  in 
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its  appropriate  place.  Suitable  cross  references  were  made, 
so  that  it  was  possible  to  ascertain  quickly  just  what  was  sup- 
posed to  be  taught  in  the  first  general  course  in  physics  on  the 
subject  of  mechanics.  The  effort  of  the  Committee  was  to  be 
brief,  to  be  concrete  and  specific,  to  avoid  "methods  of  presen- 
tation" and  the  arguments  resulting  therefrom  and  to  fur- 
nish a  clear  picture  of  what  should  be  expected  of  the  first 
course  in  physics.  In  the  relatively  brief  time  between  De- 
cember, 1917,  and  June,  1918,  no  report  was  made  by  the 
Committee  on  Mechanics  to  the  Committee  on  Physics  as  to 
the  progress  of  the  proposed  syllabus. 

On  December  19,  1918,  the  Committee  on  Physics  resub- 
mitted the  "Content"  to  the  new  Committee  on  Mechanics 
and  Hydraulics,  recently  appointed.  The  latter  Comittee 
considered  the  original  proposal  and  reported  back  to  the 
Committee  on  Physics  on  May  19,  1919,  that  the  Committee 
on  Mechanics  and  Hydraulics  seemed  to  be  in  favor  of  co- 
operation. No  further  report  was  had  from  this  Committee 
until  the  chairman  of  the  Committee  on  Physics  requested  a 
conference  with  the  Chairman  of  the  other  Committee.  Then 
the  latter  consulted  with  a  member  of  his  Committee  and 
several  others  and  formulated  a  tentative  report  indicating 
that  the  cooperation  as  proposed  was  inappropriate.  But 
later,  on  May  3  and  4,  the  chairman  of  the  two  committees 
had  an  extended  conference  which  very  naturally  brought 
about  a  better  understanding  as  to  what  the  Committee  on 
Physics  hoped  to  accomplish  by  its  plan  of  cooperative  effort. 
The  chairman  of  the  Committee  on  Mechanics  and  Hydraulics, 
Professor  0.  H.  Basquin,  was  not  convinced  that  the  exact 
plan  proposed  by  the  Committee  on  Physics  was  the  best  to  be 
had.  No  future  plans  were  laid  as  to  a  joint  action  of  the  two 
committees  because  of  the  short  time  remaining  before  the 
annual  meeting. 

The  Committee  on  Physics  wishes  to  present  to  the  Society 
briefly  its  defense  of  the  plan  of  cooperation  described  and  the 
possibilities  of  correlation  arising  from  its  application.     The 
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basis  of  the  argument  presented  briefly,  and  hence  inade- 
quately, is  as  follows : 

1.  All  efforts  at  cooperation  must  have  as  a  basis  relevant 
facts;  this  is  the  starting  point  of  all  endeavor  in  which  the 
scientific  method  is  used. 

2.  The  most  important  information  that  should  be  available 
as  a  basis  of  cooperation  in  and  consequent  correlation  of  the 
two  courses  of  mechanics,  is  the  content  of  the  two  courses. 

3.  Such  information  should  be  in  reference  form.  This 
could  be  accomplished  by  the  completion  of  the  alphabetical 
topic  list  described  above,  the  '^ content"  of  the  mechanics 
course  being  placed  perhaps  in  a  parallel  column  with  the 
content  in  the  physics  course.  This  would  make  the  informa- 
tion desired  available  with  a  minimum  expenditure  of  time. 

4.  From  such  information  immediately  would  arise  definite 
possibilities  of  correlation  as  illustrated  by  the  following  at- 
tainments : 

(a)  The  securing  of  more  appropriate  emphasis  in  the 
physics  course. 

(6)  The  saving  of  time  and  improvement  of  results  in  the 
mechanics  course  through  the  utilization  of  review  as  such. 
Other  possibilities  will  occur  at  once  to  a  teacher  in  either 
course. 

The  chief  arguments  against  the  form  of  cooperative  effort 
proposed  are  as  follows: 

1.  Instructors  in  mechanics  and  physicR  are  fairly  well 
satisfied  with  conditions  as  they  are.  The  reply  is  that  it  is 
not  the  satisfaction  of  the  instructor  in  which  the  Committee 
should  be  interested,  but  the  fact  that  the  student  takes  two 
succeeding  courses  in  the  same  subject  between  which  no 
effort  at  correlation  has  been  made  by  the  Society. 

2.  Cooperation  can  be  had  in  any  institution  where  the  in- 
structors desire  it  and  such  a  plan  as  proposed  is  not  neces- 
sary. The  answer  is  that  the  Committees'  work  is  that  of  the 
Society,  that,  truly,  the  Society  is  not  necessary,  but  that  each 

408 


COMMITTEE    NO.    11-A,   PHYSICS. 

Committee  should  endeavor  to  make  the  Society  as  effective 
as  possible  in  improving  engineering  education. 

3.  Instead  of  the  proposed  plan  it  may  be  better  to  formu- 
late a  general  plan  and  let  each  institution  carry  it  out  as  suits 
individual  preference.  The  answer  is  that  the  Committee  on 
Physics  does  not  favor  advice,  but  rather  a  constructive  piece 
of  work  of  a  concrete  character,  believing  that  this  is  a  kind 
of  a  contribution  that  the  Society  should  make. 

In  this  connection,  your  Committee  calls  attention  to  the 
fact  that  at  the  Virginia  meeting  in  1916,  it  was  moved  by 
Professor  Greene,  seconded  and  carried,  that  *'It  is  the  sense 
of  this  meeting  that  the  Committee  on  Mechanics  in  the  pre- 
paration of  its  syllabus  hold  conferences  either  by  letter  or  at 
meetings  with  the  Committee  on  the  Teaching  of  Physics." 

A  further  word  in  reference  to  correlation  might  make 
clearer  its  meaning  and  its  need.  Correlation  between  courses 
articulates  instruction  by  eliminating  gaps  and  inconsisten- 
cies between  them.  It  makes  the  work  more  interesting  to  the 
student  and  it  tends  to  economy  in  his  time.  It  enables  an 
instructor  to  do  better  work ;  it  gives  him  definite  information 
regarding  the  previous  intellectual  attainments  of  his  stu- 
dents, and  it  shows  him  what  they  will  be  called  upon  to  do 
in  future  courses.  He  is  able,  therefore,  to  give  them  instruc- 
tion that  is  adapted  to  their  preparation,  and  to  the  demands 
of  other  instructors.  He  is  able  to  review  old  material  as  such 
and  thus  greatly  aid  its  retention  by  the  student. 

Moreover,  the  instructors  in  any  one  department  develop 
departmental  ideals  and  traditions,  and  methods  of  teaching 
and  establish  the  ground  covered  largely  independent  of  other 
departments;  they  feel  pride  in  their  own  department;  they 
concentrate  upon  their  own  work;  they  think  they  have  not 
time  to  understand  the  points  of  view  of  other  departments. 
A  feeling  of  mutual  distrust  naturally  arises  and  some  degree 
of  isolation  ensues;  isolation  is  the  opposite  of  correlation. 

Your  Committee  wishes  to  express  the  opinion,  based  upon 
the  thought  given  the  matter   and  upon  its  experience  in 
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working  with  another  Committee,  that  the  correlation  of  the 
course  in  physics  with  subsequent  courses  in  which  the  funda- 
mentals of  physics  are  used  is  highly  important;  that  the 
Society  should  appoint  a  Special  Committee  for  the  purpose 
of  making  a  report  upon  the  subject;  that  this  report  should 
describe  the  desired  correlation  in  mechanics  in  such  a  man- 
ner that  the  report  can  be  applied  directly  without  requiring 
each  institution  to  work  out,  ab  initio,  its  own  plan,  that  the 
report  should  be  concrete  in  at  least  one  subject,  mechanics, 
and  that  it  include  a  statement  of  the  practicable  ways  and 
means  of  securing  correlation  in  other  subjects  as  well. 

Your  Committee  therefore  recommends  that  the  Society 
authorize  the  appointment  of  a  Special  Committee  whose  duty 
shall  be  to  make  a  report  upon  the  correlation  of  the  course 
in  physics  with  subsequent  engineering  courses,  particularly 
that  in  mechanics. 

PRELIMINARY    REPORT    OF    COMMITTEE 
NO.    12,     ENGLISH. 

The  following  communication  was  sent  to  deans  and  heads  of 
English  departments  in  the  various  engineering  colleges  rep- 
resented in  the  S.  P.  E.  E.  membership.  As  will  be  noted 
from  the  topics  given,  the  object  of  this  particular  inquiry 
was  to  learn  the  policy  of  the  several  institutions  with  regard 
to  English  literature  and  to  other  non-technical  subjects  more 
or  less  closely  related  to  the  work  of  the  English  department. 
Topic  No.  6  belongs  to  a  separate  investigation,  on  which  a 
special  report  will  be  made  at  the  1920  session  of  the  Society. 

To  THE  Dean  or  the  Head  of  the  Department  of  English  in  thb 
Engineering  College. 
The  Committee  on  English  of  the  Society  for  the  promotion  of  En- 
gineering Education  wishes  to  ascertain  as  fully  as  possible  thei  present 
status  of  what  may  be  called  ' '  liberal ' '  studies,  and  particularly  those 
which  are  directly  in  charge  of  the  English  Departments  in  the  various 
Engineering  Colleges.  Although  part  of  this  information  is  found  in  the 
college  catalogues,  it  is  desirable  that  the  brief  of&cial  announcements 


COMMITTEE   NO.    12,    ENGLISH. 

be  supplemented  with  statements  of  policy  and  procedure.  To  this 
end,  the  Committee  would  like  to  have  not  only  statistical  data  but  also 
comment  from  those  who  are  responsible  for  the  curriculum.  The  sug- 
gestions given  below  should  therefore  be  regarded  as  an  invitation  to 
discuss  these  and  other  phases  of  the  subject,  and  not  as  a  questionnaire 
to  be  answered  briefly  and  categorically.  The  Committee  will  be  glad 
to  have  replies  reach  the  Chairman  if  possible  before  May  10,  1920. 
Supplemental  answers  after  that  date,  however,  will  be  acceptable. 

1.  Amount  of  time  given  to  literature  and  literary  composition  in  the 
course  in  engineering. 

2.  Recent  changes  of  policy,  if  any,  affecting  the  amount  or  character 
of  instruction  in  humanistic  subjects.  (Include  History,  Political 
Science,  etc.) 

3.  Most  successful  methods  which  have  been  found  for  presenting  the 
"liberal"  or  broadening  subjects  to  engineering  students. 

4.  Attitude  of  students  toward  such  instruction. 

5.  Attitude  of  instructors  in  Technical  Departments. 

6.  Qualifications  sought  in  a  teacher  of  English  for  Engineering  stu- 
dents. 

'Committee  No.  12, 
€.  W.  Pakk,  Chairman, 

University  of  Cincinnati, 
Frank  Aydelotte, 

Massachusetts    Institute    of    Technology, 
Sada  Harbarger, 

Ohio  State  University, 
J.  R.  Nelson, 

University  of  Michigan. 

Symposium  on  "Liberal"  Studies  for  Engineering 
Students. 

Statistical  matter  will  be  included  in  the  later  report,  but 
for  this  brief  preliminary  statement,  it  seems  advisable  to  cite 
only  general  expressions  of  attitude  and  policy.  In  order  to 
stimulate  discussion,  a  symposium  of  typical  comments  com- 
plied from  the  answers  is  here  presented : 

Parallel  with  the  course  in  English  during  the  Freshman  Year  runs  a 
course  in  the  History  of  Civilization.  In  the  Sophomore  Year  Political 
Science  and  History  of  Recent  Times  are  parallel  courses  to  the  English 
course.     In  this  way  we  have  successfully  introduced  certain  'liberal" 
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subjects  into  the  engineering  curriculum.  Following  these  courses,  the 
thread  of  liberal  subjects  is  maintained  during  the  Junior  and  Senior 
years  by  couses  in  Economics,  Logic,  and  Psychology.  The  method 
found  most  advantageous  is  the  lecture.  It  is  a  relief  to  engineering 
students  from  their  mathematical,  physical,  and  shop  studies,  to  aittend 
once  or  twice  a  week  a  good  lecture  on  some  liberal,  broadening  subject. 

The  instructors  in  charge  of  these  courses  do  not  hesitate  to  introduce 
outside  matters  into  the  courses  when  some  topic  appears  to  be  of  value 
to  the  students. 

The  attitude  of  the  students  towards  such  instruction  is  very  good. 
The  upper-classmen  are  especially  fond  of  these  two  lecture  hours  per 
week.  The  instructors  in  all  the  technical  departments  are  also  very 
sympathetic  towards  these  courses.  Upon  the  whole,  they  have  proven 
very  attractive  both  to  students  and  faculty  and  they  have  had  a  marked 
success  in  our  institution. 

Dean  Morrison, 

Armour  Institute  of  Technology. 

The  most  successful  methods  for  presenting  'liberal"  subjects  to 
students  in  the  Engineering  School  have  been  found  not  to  differ,  in  any 
essential  respect,  from  those  adopted  in  dealing  with  students  in  the 
College  of  Arts. 

Students  in  engineering  are  responsive  to  liberal  studies  and  their 
work  compares  favorably  with  that  done  by  students  fom  other  schools. 
It  is  not  true,  as  sometimes  stated,  that  undergraduates  in  technical 
schools  are  hostile  to  humanistic  subjects. 

The  spread,  among  the  most  influential  members  of  the  profession,  of 
enlightened  views  with  respect  to  the  function  of  the  engineer  as  a  re- 
sponsible member  of  society  is  wholly  favorable  to  the  promotion  of 
liberal  studies  in  technical  schools  and  is  already  having  its  effect  on  the 
attitude  of  both  instructors  and  student  body.  It  is  perhaps  needless  to 
point  out  that  the  movement  will  probably  prove  retroactive  and  that,  by 
the  infusion  of  broader  ideas,  the  teaching  of  technical  science  itself  will 
ultimately  be  informed  with  a  more  liberal  spirit  than  has  characterized 
it  hitherto. 

Professor  Daniel  E.  Owen, 
Department   of  English,  Towne  Scientific  School,  University   of  Penn- 
sylvania. 

We  should  like  to  increase  the  amount  of  time  given  to  this  subject 
and  we  hope  to  be  able  to  do  so  in  the  near  future.  The  difficulty  in  the 
way  is  the  crowded  condition  of  the  time-table,  rendering  it  hard  to  find 
additional  time  without  unduly  burdening  the  student.    We  have  recently 
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extended  our  course  on  Economics  in  the  Faculty,  and  have  included  in 
it  certain  subjects  which  are  sometimes  classed  under  the  head  of  Politi- 
cal Science. 

It  is  somewhat  difficult  to  convince  the  students  of  the  necessity  of  the 
study  of  the  English  language,  since  they  are  apt  to  feel  that  purely 
technical  subjects  are  more  important.  I  think,  of  recent  years,  how- 
ever, by  clearly  putting  the  facts  of  the  case  before  them,  that  students 
have  been  won  to  a  more  general  appreciation  of  the  importance  to  them 
of  possessing  a  good  knowledge  of  their  own  language  and  of  acquiring 
the  ability  to  use  it. 

Frank    D.    Adams,    Acting   Principal, 
McGill  University. 

The  attitude  of  the  instructors  in  technical  departments  toward  Eng- 
lish and  Economics  is  altogether  friendly.  Every  one  realizes  the  im- 
portance of  the  subject.  There  are  some  differences  of  opinion  as  to 
how  they  should  be  taught,  but  every  one  believes  in  them  as  a  necessary 
part  of  the  engineer's  training. 

Dean  Raymond, 

Iowa  State  University. 

I  understand  by  "humanistic  elements"  those  elements  in  the  course 
which  would  tend  to  broaden  the  student's  general  knowledge  and  to 
interest  him  in  subjects  outside  his  immediate  technical  fields.  In  the 
first  place,  throughout  the  course  in  Freshman  English  every  effort  is 
made  to  induce  the  students  to  do  general  reading,  as  we  call  it,  in  a 
rather  large  selected  library  of  first-rate  books.  In  general,  students  are 
encouraged  to  choose  their  reading  as  suits  their  inclination  from  this 
highly  selected  library.  We  do,  however,  attempt  to  induce  the  student 
to  read  in  different  fields  and  in  different  types  of  literature,  so  that  by 
the  end  of  the  year  he  will  have  had  a  taste  of  various  kinds  of  writing 
and  some  initiation  in  different  fields  of  thought.  This  reading  of  which 
I  speak  is  included  under  what  is  generally  called  ' '  collateral  reading. ' ' 
"Within  the  course  itself  the  liberal  elements  are  less  represented  in  the 
first  semester  than  in  the  second,  since  our  effort  in  the  first  semester  is 
necessarily  directed  toward  overcoming  the  student's  elementary  faults  in 
composition.  Still  even  in  the  first  semester  a  considerable  amount  of 
good  selected  expository  reading  is  associated  more  or  less  closely  with 
the  class  work.  It  is  in  the  second  semester,  however,  that  the  liberal 
elements  in  the  course  are  chiefly  represented.  The  course  in  the  second 
semester  consists,  on  the  one  hand,  of  a  regular  scheme  of  theme  writing, 
one  theme  weekly,  and  on  the  other  hand,  in  the  accompanying  reading 
of  a  limited  amount  of  classical  English  prose.    In  the  current  semester 
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this  prose  consists  of  the  first  chapter  of  Matthew  Arnold's  "Culture  and 
Anarchy/'  Emerson's  "  Self -Reliance, "  an  essay  of  Ruskin's  and  an 
essay  of  Stevenson's.  This  limited  amount  of  reading  is  read  in  th« 
classroom  with  uncommon  minuteness  and  much  opportunity  is  given  for 
the  discussion  of  ideas  which  may  arise.  Through  this  means  students 
are  bound  to  come  into  contact  with  a  considerable  variety  of  important 
ideas,  ideas  which  not  infrequently  are  made  the  subject  matter  of  their 
own  compositions.  I  should  add  perhaps  that  we  are  extremely  pru- 
dent in  making  use  of  his  subject  matter  for  work  in  composition,  since 
we  insist  on  the  student  making  direct  application  to  his  own  experience 
of  the  ideas  which  he  presents. 

Professor  Frederick  A.  Manchester, 

Department  of  English,  University  of  Wisconsin. 

The  principal  change  in  the  administration  of  English  is  the  examin- 
ing of  Freshman  students  on  entrance  and  the  placing  of  those  deficient 
in  English  in  a  separate  class.  As  a  rule,  these  deficient  students  would 
be  debarred  from  foreign  language  and  would  be  required  to  take  addi- 
tional work  in  English,  There  is  a  decided  tendency  at  present  toward 
giving  more  opportunity  to  students  in  the  Junior  and  Senior  years  for 
the  study  of  the  so-called  humanities  and  to  offer  courses  in  technical 
English,  and  Industrial  Economics  which  shall  apeal  to  engineering  stu- 
dents; these  latter,  however,  to  be  mainly  elective. 

It  seems  to  me  success  in  teaching  these  subjects  to  engineers  depends 
on  making  them  more  applicable  to  their  particular  work  and  giving 
practical  applications  in  connection  with  the  course.  The  student  will 
much  more  readily  take  technical  or  journalistic  English  tlian  a  course 
in  English  poetry  and  prose. 

The  attitude  of  the  student  is  not  hostile  but  rather  inclined  to  be 
utilitarian.  He  usually  lacks  interest  in  a  subject  whose  application  he 
can  not  foresee. 

The  general  attitude  of  instructors  in  technical  departments  is  favor- 
able to  broadening  of  the  engineering  course,  as  they  realize  from  their 
own  experience  the  deficiencies  which  handicap  the  engineer  at  present. 

Dean  Benjamin, 
Purdue  University. 

I  have  noted  no  especially  successful  method  for  presenting  "liberal" 
or  broadening  subjects  to  engineering  students.  As  a  matter  of  tactics, 
rather  than  method,  I  believe  in  presenting  the  opportunity  for  such 
work  to  engineering  students  in  their  Junior  and  Senior  years  rather 
than  earlier.    The  opportunity  is  then  much  more  likely  to  attract  them. 

Upper  classmen  in  engineering  are,  to  a  very  large  extent,  willing  and 
even  desirous  of  studying  other  than  technical  subjects,  if  the  opportunity 
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for  such  study  can  be  found.  First-  and  second-year  men  arc  generally 
either  indifferent  or  disposed  to  avoid  as  much  as  possible  contact  with 
other  than  engineering  subjects. 

Instructors  in  the  technical  departments  are,  in  general,  favorable  to 
broadening  the  engineering  curricula  if  possible  but  have  come  to  the 
conclusion  that  a  four-year  course  offers  little  opportunity  for  such 
broadening  except  at  the  expense  of  essential  technical  subjects. 

Dean  Stout, 

University  of  Nebraska. 

Recent  changes  in  policy  include: 

(a)  The  increase  of  required  work  in  English.  I  believe  the  amount 
of  such  work  as  pho\^^l  in  (1)  is  unusually  large,  being  about  ten  per 
cent,  of  the  total  work  required  for  graduation. 

(6)  The  introduc^tion  of  a  required  course  in  Citizenship,  3  hours  a 
week,  for  one  term,  in  the  Junior  ear. 

(c)  The  introduction  of  an  elective  course  in  Modern  European  His- 
tory, 3  hours  a  week  for  one  term,  in  the  Junior  year. 

Informal  lectures,  assigned  reading  and  written  discussions. 
"  Students  are  inclined   at   first  to  minimize   the   value   of   the   liberal 
studies,  but  later  on  show  considerable  appreciation. 

Dean  Puryear, 

Texas   A.    and    M.    College. 

A  majority  of  the  older  men  on  the  faculty  of  the  College  of  En- 
gineering desire  that  our  students  take  up  seriously  work  in  English, 
philosophy,  economics,  psychology,  sociology,  etc.  I  know  that  many  of 
us  urge  them  to  give  some  consideration  to  questions  not  regularly  in- 
corporated in  the  engineering  curricula,  but  which  are  of  interest  to  well- 
educated  men. 

Dean  Richards, 

University    of    Illinois. 

Question  No.  3 :  Since  these  subjects  belong  to  the  College  of  Arts  and 
Science  primarily  and  very  few  engineering  students  take  them  in  pro- 
portion to  the  total  enrollment  in  such  courses,  the  methods  of  presenting 
these  subjects  have  usually  been  as  customary  for  Arts  and  Science  stu- 
dents with  little  attempt  to  adapt  them  especially  to  the  needs  of  teeh- 
nical  students.  This  will  not  be  true  of  the  new  course,  Introduction  to 
Economics,  which  is  designed  especially  for  engineers. 

The  attitude  of  instructors  in  technical  departments:  Most  of  our  en- 
gineering instructors  are  glad  to  have  the  students  elect  the  above  types 
of  courses,  but  there  has  been  little  disposition  to  attempt  to  cut  down 
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the  requirements  in  technical  courses  to  make  room  for  the  more  liberal 
electives.  Acting  Dean  Boareman, 

University    of  Nevada. 

Most  successful  methods  which  have  been  found  for  presenting  the 
** liberal"  or  broadening  subjects  to  engineering  students:  The  most 
successful  methods  which  have  been  found  are  the  employment  of  really 
first-class  professors  to  give  the  workmen  who  know  what  they  are  teach- 
ing and  have  personality  which  will  inspire  the  students.  In  addition 
we  conduct  what  might  be  described  as  almost  a  propaganda  to  influence 
students  to  enter  these  lines  of  work. 

Attitude  of  students  toward  such  instruction:  The  attitude  of  the  stu- 
dents generally  reflects  the  ability  with  which  the  work  is  presented. 
There  seems  to  be  increasing  interest  of  engineering  students  in  broader 
and  more  liberal  training.  Left  to  themselves,  engineering  students  are 
slow  to  see  the  merit  of  non-technical  work. 

Dean  Marston, 

Iowa    State    College. 

There  is  a  wide  variety  of  opinion  as  to  the  best  methods  of  presenting 
the  so-^ealled  liberal  subjects  to  engineering  students,  but  there  is  un- 
animous agreement  on  one  point  and  that  the  first  essential  is  a  sympa- 
thetic attitude  on  the  part  of  the  teacher  toward  the  aspirations  of  the 
student,  whatever  they  may  be.  If  they  are  not  of  the  highest  type,  this 
sympathetic  view  point  is  absolutely  necessary  to  enable  the  teacher  to 
lead  the  student  into  some  other  and  better  state  of  mind. 

Dean  MoCaustland, 

University  of  Missouri. 

Besides  the  liberal  studies  as  indicated  above,  we  are  encouraging  our 
engineering  students  to  take  additional  work  in  English,  history,  civics, 
and  journalism.  The  records  in  my  office  show  that  at  least  three- 
fourths  of  the  engineering  students  who  have  graduated  during  the  past 
four  years  took  one  or  more  additional  courses  in  the  above  liberal 
studies.  Our  engineering  students  are  particularily  interested  in  adding 
to  their  assignments  such  subjects  as  business  English,  advertising,  oral 
English,  money,  and  banking,  sociology,  technical  journalism,  and  Span- 
ish. Our  students  seem  to  show  a  splendid  attitude  particularly  during 
their  junior  and  senior  years  towards  the  so-caUed  liberal  studies,  and 
we  have  little  difficulty  in  convincing  them  of  the  importance  of  adding 
as  many  such  subjects  as  possible  to  the  required  subjects  in  their  curri- 
culum. 

Dean  Potter, 

Kansas  State  Agricultural  College. 
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The  tendency  recently  has  been  to  introduce  as  much  elective  'R-ork  in 
humanistic  studies  as  is  possible  in  the  rather  rigid  confines  of  the  en- 
gineering courses.  On  page  28  of  the  current  catalog  you  will  see  that 
economics  is  required  of  the  juniors  in  the  CE.  course  and  that  six  hours 
of  electives  are  open  to  seniors,  three  being  required.  Formerly  very 
little  choice  had  been  given  here. 

After  many  years  of  experimenting  I  have  found  that  the  most  fuc- 
■cessful  method  of  presenting  literature  and  advanced  English  reading  is 
to  get  the  message  home  and  to  treat  technique  only  incidentally.  I 
never  lose  sight  of  the  fact  that  the  men  are  training  to  be  engineers  but 
I  also  assume  that  they  have  certain  definite  human  and  social  interests 
through  which  literature  can  be  made  to  appeal  to  them. 
Professor  James  W.  Tupper, 

Department  of  English,  Lafayette  College. 

With  grateful  acknowledgment  of  the  cooperation  of  the 
men  whose  remarks  are  quoted  above,  and  of  others  whose 
contributions  will  be  noted  in  the  later  report.  The  Com- 
mittee submits  the  foregoing  preliminary  statement. 

C.  W.  Paek,  Chairman. 

COMMITTEE     NO.    22,    INTELLIGENCE    TESTS. 

The  report  of  Committee  No.  22  on  Mental  Tests  for  en- 
gineering freshmen,  which  will  be  presented  at  the  June  Con- 
vention of  the  Society,  will  not  be  ready  in  time  for  the  May 
issue  of  the  Bulletin.  However,  the  report  will  be  similar  to 
that  which  has  already  been  prepared  for  the  engineering 
freshmen  at  Carnegie  Institute  of  Technology.  This  local  re- 
port is  therefore  submitted  for  the  May  Bulletin  as  a  sample 
of  the  type  of  analysis  for  which  the  data  from  all  the  forty- 
eight  participating  colleges  is  now  being  studied.  The  con- 
vention report  will  be  a  summary  of  the  various  local  reports. 
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Reports  op  Mental  Tests  in  the  Division  of  Engineering 

AT  Carnegie  Institute  op  Technology, 

Pittsburgh,  Pa. 

Freshmen,  Autumn  Quarter,  1919. 

This  report  concerns  the  j&ndings  in  the  six  tests  that  were 
given  the  engineering  freshmen  under  the  auspices  of  the 
Society  for  the  Promotion  of  Engineering  Education.  It  has 
special  reference  to  the  standing  in  the  tests  of  those  students 
who  have  dropped  out  from  college  for  various  reasons  dur- 
ing the  first  quarter.  It  is  therefore  only  a  preliminary  re- 
port. The  complete  records  of  withdrawal  for  the  first  year 
will  be  evaluated  next  summer.  The  scholarship  records  for 
the  first  quarter  will  be  evaluated  in  terms  of  points  for  qual- 
ity and  the  relationship  between  points  for  quality  and  the 
test  scores  will  be  compared  as  soon  as  the  quality  points  are 
available. 

We  are  here  interested  in  knowing  particularly  the  test 
scores  of  the  students  who  dropped  out  for  poor  scholarship, 
those  who  were  transferred,  and  those  who  withdrew  for  other 
reasons. 

The  results  are  listed  for  each  of  the  six  tests  separately 
and  also  for  the  six  tests  combined.  The  interpretation  of  the 
table  is  as  follows: 

Test  I  (Arithmetic  Problems)  was  given  to  473  students. 
After  scoring  these  test  papers  the  class  was  arranged  into 
four  quarters  according  to  this  test.  This  divides  the  class 
into  four  equal  quarters  with  118  students  in  each  quarter  as 
indicated  in  the  table.  Note  that  of  the  44  students  dropped 
for  poor  scholarship  during  the  autumn  quarter  25  of  them 
are  found  in  the  lowest  quarter,  10  in  the  third  quarter  and 
only  4  in  the  highest  quarter.  These  figures  are  found  in  the 
second  column. 

The  third  column  shows  the  distribution  of  the  students 
transferred  to  the  Industries  School.     Of  the  16  students  so 
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transferred,  12  were  in  the  lowest  quarter  of  the  Arithmetic 
Problems  Test  and  3  were  in  the  highest  quarter. 

Of  the  37  students  who  were  withdrawn  for  reasons  other 
than  scholarship,  18  were  in  the  lowest  quarter  according  to 
the  Arithmetic  Test  while  only  3  were  in  the  highest  quarter. 
These  facts  are  found  in  column  4. 

TABLE  I. 
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w   01 
o  -^ 
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s  a  a  « 

£  ace's 


Test  I,  Arithmetic: 

Highest  quarter 

Second  quarter 

Third  quarter 

Lowest  quarter 

Test  II,  Algebra: 

Highest  quarter 

Second  quarter 

Third  quarter 

Lowest  quarter 

Test  III,  Geometrical  Con 
struction: 

Highest  quarter 

Second  quarter 

Third  quarter 

Lowest  quarter 

Test  IV,  Intelligence: 

Highest  quarter 

Second  quarter 

Third  quarter 

Lowest  quarter 


118 
118 
118 
118 

118 
118 
118 
118 


116 
116 
116 
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118 
118 
118 
118 
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5 

10 

25 

4 

3 

24 

13 


2 

4 

13 

23 

5 

5 

15 

19 


3 

0 

1 

12 

4 

1 

1 

10 


3 

8 

8 

18 

8 

4 

6 

18 


91 

89 
84 
53 

87 
93 
74 
65 


95 
90 
75 
64 


90 
72 
66 


10 
13 
19 
55 

16 

8 

31 

41 


6 
12 
29 

42 

13 
12 
33 
39 


In  column  5  we  have  the  probability  of  remaining  in  good 
standing  at  the  end  of  the  autumn  quarter.  This  is  simply 
the  ratio  of  the  number  of  students  in  good  standing  to  the 
total  number  of  students.  This  ratio  has  been  calculated 
separately  for  each  of  the  four  quarters  of  the  class.  Thus, 
the  probability  of  remaining  in  good  standing  is  53  per  cent. 
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for  the  lowest  quarter  and  91  per  cent,  for  the  highest  quarter. 
This  means  that  if  a  student  is  in  the  lowest  quarter  of  Test  I, 
Arithmetic  Problems,  his  chances  are  53  out  of  100  of  remain- 
ing in  good  standing  at  the  end  of  the  autumn  quarter.  On 
the  other  hand,  if  a  student  is  in  the  highest  quarter  of  his 
class  in  Test  I,  Arithmetic  Problems,  his  chance  of  remaining 
in  good  standing  at  the  end  of  the  autumn  quarter  is  91  per 
cent. 

TABLE  II. 
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Standing  at 
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6 

91 
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10 

0 

6 

87 
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8 

5 

10 

81 
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21 

10 

14 

62 

118 

5 

0 

8 

89 

118 

11 

2 

2 

87 

118 

10 

4 

7 

82 
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17 

9 
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62 

Test  V,  Physics: 

Highest  Quarter  .  . 

Second  Quarter  .  . . 

Third  Quarter  .  .  . . 

Lowest  Quarter  .  . . 
Test  VI,  General 
Information: 

Highest  Quarter  . . 

Second  Quarter  .  . . 

Third  Quarter  .  .  .  . 

Lowest  Quarter  . .  . 


Technical 


11 
16 
23 
45 


13 
15 
21 
45 


Eank  According  to  Mid  Percentile  of  All  Six  Tests. 

Highest   Quarter    116           2           1           5         93  8 

Second    Quarter    116          5          0          7         89  13 

Third  Quarter    116         13           3           5         81  21 

Lowest    Quarter    116        24         11         19        53  54 


In  column  6  we  have  the  total  number  of  students  with- 
drawn for  various  reasons  and  their  frequency  of  occurrence 
in  the  four  quarters  of  the  Arithmetic  Test.  There  are  five 
times  as  many  students  withdrawn  out  of  the  118  in  the  lowest 
quarter  according  to  the  Arithmetic  Test  as  in  the  same  num- 
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her  of  students  in  the  highest  quarter  according  to  the  Arith- 
metic Test. 

There  are  six  times  as  many  students  dropped  for  poor 
scholarship  in  the  lowest  quarter  of  the  Arithmetic  Test  I  as 
in  the  highest  quarter  of  the  same  test. 

The  same  type  of  analysis  is  carried  out  for  each  of  the  six 
tests.  Thus  in  Test  II,  Algebra,  we  have  13  students  dropped 
for  poor  scholarship  from  the  lowest  quarter  of  this  test 
whereas  only  4  were  dropped  for  poor  scholarship  in  the 
highest  quarter  of  the  Algebra,  Test  II. 

Test  III,  Geometrical  Construction,  is  one  of  the  best  tests 
in  the  series.  If  we  divide  the  class  into  four  equal  groups 
based  on  the  score  in  Test  III,  Geometrical  Construction,  we 
find  that  23  students  ivere  dropped  for  poor  scholarship  out 
of  the  lowest  quarter  in  the  Geometry  Test  whereas  only  2 
were  dropped  from  the  highest  quarter.  There  are  10  or  12 
times  as  many  students  dropped  for  poor  scholarship  from  the 
lowest  quarter  of  this  test  as  from  the  highest  quarter.  These 
facts  are  shown  in  column  2  for  Test  III. 

In  column  6  for  Test  III  we  find  that  42  students  in  the 
lowest  quarter  of  Test  III  withdrew  for  various  reasons 
whereas  only  6  students  from  the  highest  quarter  withdrew. 

From  column  5  for  Test  III  we  find  that  if  a  student  rarnks 
in  the  highest  quarter  of  his  class  in  the  Geometrical  Construc- 
tion Test  the  chances  are  only  one  in  20  that  he  will  withdraw 
for  any  reason  during  the  first  three  months.  But,  if  the 
student  ranks  in  the  lowest  quarter  of  his  class  his  chances 
are  13/20  that  he  will  withdraw  during  the  first  three  months. 

If  we  arrange  all  the  scores  in  the  Intelligence  Test  IV  in 
order  from  the  highest  to  the  lowest  for  the  freshman  class 
and  then  divide  the  class  into  four  equal  parts  we  find  that  19 
students  were  dropped  for  poor  scholarship  in  the  lowest 
quarter  and  only  5  from  the  highest  quarter.  In  other  words 
4  times  as  many  students  are  dropped  for  poor  scholarship  in 
the  lowest  quarter  according  to  the  Intelligence  Test  IV  as 
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are  dropped  from  the  highest  quarter  according  to  the  same 
test. 

Column  6  of  Test  IV  shows  that  39  students  who  ranked 
in  the  lowest  quarter  in  the  Intelligence  Test  withdrew  for 
various  reasons  whereas  only  13  from  the  highest  quarter 
withdrew. 

Test  V,  Physics,  shows  practically  the  same  relation.  Here 
we  find  that  there  are  four  times  as  many  students  dropped 
for  poor  scholarship  from  the  lowest  quarter  in  the  Physics 
Test  as  are  dropped  for  poor  scholarship  from  the  highest 
quarter  of  this  test.  See  column  2,  Test  V.  The  total  num- 
ber of  students  withdrawn  for  various  reasons  from  the  low- 
est quarter  of  Test  V  is  45  whereas  only  11  students  from  the 
highest  quarter  of  the  Physics  Test  withdrew  during  the  first 
three  months. 

Test  VI,  Technical  Information  Test,  shows  again  the  same 
general  relation.  Seventeen  students  in  the  lowest  quarter  ac- 
cording to  the  General  Technical  Information  Test  were  drop- 
ped for  poor  scholarship  whereas  there  were  only  5  from  the 
highest  quarter  of  this  test  who  were  dropped  for  poor 
scholarship.    The  other  parts  of  the  table  are  self-explanatory. 

I  wish  to  call  your  attention  especially  to  the  last  table 
summarizing  the  results  according  to  the  mid  percentiles  of 
all  tests.  The  mid  percentile  is  the  combined  rank  given  to 
each  student  and  is  based  on  all  six  of  these  tests.  The  whole 
class  is  divided  into  four  equal  groups  on  the  basis  of  all 
these  tests.  Inspection  of  this  table  shows  that  of  the  44  stu- 
dents who  ivere  dropped  for  poor  scholarship  and  for  whom 
we  have  complete  records  in  all  six  tests,  24  were  in  the  lowest 
quarter  of  the  class  according  to  th&  average  of  the  six  tests. 
Only  2  students  ivere  in  the  highest  quarter  according  to  the 
same  criterion.  Eleven  students  from  the  lowest  quarter  were 
transferred  to  other  departments  whereas  only  1  student  from 
the  highest  quarter  was  transferred.  Among  the  students 
withdrawn  for  reasons  other  than  scholarship  19  were  in  the 
lowest  quarter,  whereas  only  5  were  in  the  highest  quarter. 
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//  we  divide  the  class  into  qitarters  on  the  basis  of  the  average 
on  all  these  six  tests  there  are  6  times  as  many  students  with- 
drawn for  various  reasons  from  the  loivest  quarter  in  the  tests 
as  in  the  highest  quarter  of  the  tests.  The  frequencies  are 
respectively  54  and  8. 

Wliile  this  report  is  based  only  on  the  first  three  months  of 
the  year  the  results  are  so  insistent  and  uniform  with  all  of 
the  tests  and  with  the  several  criteria  that  there  is  little  doubt 
about  the  diagnostic  value  of  these  tests  as  criteria  for  admis- 
sion. 

A  similar  analysis  is  being  made  for  each  of  the  forty-eight 
participating  engineering  colleges  and  a  summary  of  these 
reports  will  be  presented  at  the  June  meeting  of  the  Society. 

L.  L.  Thurston,  Chairman. 
Dept,  of  Psychology, 
Carnegie  Institute  of  Technology, 
Pittsburgh,  Pennna. 

EDITORIALS. 

Spirit  of  Cooperation. — Cooperation  is  essentially  an  engi- 
neering term  since  only  by  cooperation  can  engineers  accom- 
plish results.  Engineering  teachers  are  using  this  means  more 
than  ever.  The  keynote  of  the  forthcoming  meeting  of  this 
Society  is  Cooperation.  There  is  to  be  held  in  Washington 
shortly,  a  conference  of  a  large  number  of  national  and  local 
engineering  societies,  w^here  an  attempt  will  be  made  to  co- 
ordinate these  societies  so  that  they  may  cooperate  with  each 
other  in  promoting  the  welfare  of  the  societies  and  the  individ- 
uals which  compose  them. 

Cooperation  of  the  engineering  schools  with  the  industries 
is  now  well  established.  Dean  Herman  Schneider,  the  origi- 
nator of  the  cooperative  idea  in  engineering  education,  sees 
his  policy  being  adopted  by  new  institutions  almost  every  day. 
Although  the  form  may  differ  from  his,  the  spirit  underlying 
them  is  the  same.  We  see  the  engineer  cooperating  with  the 
economist  in  establishing  better  courses  for  the  training  of 

4£3 


EDITORIALS. 

men  in  the  matters  of  highway  transportation  and  construc- 
tion. The  conference  representing  these  interests  called  by 
Commissioner  Claxton  of  the  Bureau  of  Education,  was  a  dis- 
tinct advance  and  showed  clearly  the  need  of  closer  coopera- 
tion along  these  lines. 

The  1920  Meeting. — The  program  for  the  1920  meeting  is 
nearly  completed.  Especial  consideration  has  been  given  to 
the  social  features  which  have  been  outlined  in  a  folder  to  be 
mailed  to  all  members  of  the  Society.  The  papers  to  be  pre- 
sented are  on  timely  topics  and  by  noted  educators.  In  all 
ways  it  seems  that  it  should  be  one  of  the  best  and  largest 
meetings  of  this  Society. 

One  of  the  special  features  of  this  meeting  is  the  reports  of 
committees.  The  committees  have  now  been  in  operation  for 
some  years ;  they  have  been  continued  under  the  general  super- 
vision of  the  Committee  on  Committees  and  a  summary  of  their 
work  shows  a  distinct  advance  in  all  branches  of  engineering 
education.  Discussion  and  a  round  table  will  form  additional 
established  features. 
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ARTHUR  M.  GREENE,  JR.,  PRESIDENT,  THE 
SOCIETY  FOR  THE  PROMOTION  OF  EN- 
GINEERING EDUCATION,  1919-1920. 

President  Arthur  M.  Greene,  Jr.,  B.S.,  M.E.,  D.Sc,  has 
been  closely  associated  with  the  development  of  engineering 
education  in  the  United  States. 

Born  in  Philadelphia,  in  1872,  he  was  educated  at  the  Man- 
ual Training  School,  from  which  he  was  graduated  in  1889, 
and  at  the  University  of  Pennsylvania,  from  which  he  received 
the  degrees  of  B.S.  and  M.E.  in  1893  and  1894.  Since  then  he 
has  made  himself  familiar  with  European  methods. 

As  an  educator  he  has  had  a  wide  experience  in  various  in- 
stitutions differing  in  character  and  equipment.  After  direct- 
ing the  apprentice  school  of  the  Franklin  Sugar  Refinery  for 
two  years,  he  became  instructor  at  the  Drexel  Institute  in 
1894.  Returning  to  his  alma  mater  in  1895,  he  remained  in 
Philadelphia  until  1902,  when  he  was  appointed  professor  of 
mechanical  engineering  in  the  University  of  Missouri.  While 
junior  dean  of  the  School  of  Engineering,  he  was  called  to  the 
Rensselaer  Polytechnic  Institute,  in  1907,  to  organize  the  Sage 
School  of  Mechanical  Engineering.  Since  then  he  has  devoted 
himself  untiringly  to  the  tasks  of  his  position. 

In  spite  of  this  fact  he  has  found  opportunity  to  supplement 
his  well-known  "Elements  of  Steam  Engineering"  (with 
H.  W.  Spangler  and  S.  M.  Marshall)  by  valuable  books  on 
pumping  machinery,  heating  and  ventilation,  heat  engineer- 
ing, and  refrigeration. 

As  a  member  of  the  great  scientific  associations  of  America, 
he  has  also  contributed  materially  to  the  advancement  of  his 
profession.  In  the  Engineering  Council  and  the  Committee 
of  Technical  Societies  especially  he  has  helped  to  solve  many 
problems  resulting  from  the  War.  Of  the  Society  for  the 
Promotion  of  Engineering  Education  he  has  always  been  a 
loyal  supporter. 
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REPORT  OF  COMMITTEE  NO.  13,  MECHANICS 
AND  HYDRAULICS. 

CORRELATION  OF  COURSES. 

BY  O.  H.  BASQUIN, 

Northwestern   University,   Evanston,   Illinois. 

On  May  3  and  4,  1920,  a  conference  was  had  at  Iowa  City, 
Iowa,  between  Professor  Stewart,  chairman  of  the  Committee 
on  Physics,  and  Professor  Basquin,  chairman  of  the  Com- 
mittee on  Mechanics  and  Hydraulics. 

The  topic  of  discussion  was  Correlation  of  Courses,  particu- 
larly Correlation  of  the  Mechanics  Portion  of  General  Physics 
and  the  subsequent  course  in  Mechanics,  and  still  more  par- 
ticularly whether  the  proposed  cooperation  of  the  two  com- 
mittees in  making  a  combined  syllabus,  table  of  contents  or 
dictionar^^  is  appropriate  and  practical. 

These  notes  are  intended  to  record  briefly  some  of  the  views 
of  the  chairman  of  the  Committee  on  Mechanics  and  Hydrau- 
lics. 

Two  courses  of  instruction  may  be  said  to  be  correlated 
if  each  instructor  understands  the  aim  of  the  other  and  if 
he  so  plans  his  instruction  as  to  accommodate  the  aim  of  the 
other  instructor  as  well  as  his  own. 

Lack  of  correlation  appears  to  be  a  natural  result  of  special- 
ization and  of  the  division  of  the  forces  of  instruction  into 
separate  departments  according  to  topics  of  specialization. 
In  specializing  one  narrows  his  point  of  view  to  his  own 
topics ;  his  judgment  becomes  excellent  on  these  topics  but  it 
may  be  poor  on  others.  Instructors  in  allied  departments 
naturally  develop  different  points  of  view ;  they  take  pride  in 
developing  superior  points  of  view  and  they  naturally  plan 
their  instruction  to  suit  the  points  of  view  of  their  own  de- 
partments.   Thus  arises  a  lack  of  correlation. 
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In  a  comparatively  young  institution  the  lack  of  correla- 
tion is  likely  to  be  less  marked.  The  number  of  departments 
is  smaller ;  specialization  has  not  become  so  marked ;  the  small 
number  of  instructors  gives  each  a  better  opportunity  to  learn 
the  views  of  others,  and  it  is  possible  for  each  instructor  to 
see  that  the  success  of  the  institution  depends  more  upon 
cooperation  than  upon  brilliant  teaching  in  one  topic  that  may 
not  fit  into  the  general  plan. 

The  lack  of  correlation  is  therefore  looked  upon  as  the 
natural  result  of  the  common  plan  of  organizing  highly  spe- 
cialized instructors  into  separate  departments.  Assuming 
that  the  lack  of  correlation  exists,  how  may  this  lack  be  over- 
come 1    How  may  correlation  be  introduced  ? 

There  seems  to  be  a  tendency  in  some  institutions  to  de- 
mand that  engineering  students  shall  receive  their  instruc- 
tion from  engineering  instructors,  men  of  engineering  train- 
ing if  not  of  engineering  experience.  A  few  years  ago,  the 
students  of  medical  schools  received  practically  all  their  in- 
struction from  medical  instructors;  this  is  now  in  process  of 
change  to  a  scheme  whereby  liberal  arts  instruction  is  re- 
quired of  such  students  before  entering  medical  schools.  It 
is  not  evident  that  engineering  students  can  afford  to  miss  the 
liberalizing  influence  that  may  come  from  contact  with  in- 
structors who  are  not  engineers;  it  is  not  believed  that  this 
plan  for  the  introduction  of  correlation  is  of  general  applica- 
tion. 

Further,  it  is  not  believed  that  a  suggestion  that  instructors 
should  be  less  highly  specialized  or  that  any  radical  change 
should  be  made  in  their  organization  into  departments  would 
be  received  with  favor  by  any  considerable  number  of  institu- 
tions. The  present  arrangements  correspond  to  some  extent 
to  modern  methods  of  manufacture  wherein  distinct  processes 
are  conducted  by  specialists  in  distinct  departments. 

The  method  of  manufacture  appears  to  differ  from  the 
college  organization  in  that  the  material  operated  upon  is 
much  more  tangible  than  that  upon  which  instructors  work; 
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inappropriate  treatment  of  this  material  is  thus  easily  de- 
tected in  manufacturing  whereas  it  is  scarcely  evident  in 
education  and  its  result  may  be  attributed  to  the  wrong  cause. 
The  differences  pointed  out  naturally  lead  to  closer  coopera- 
tion between  departments  in  manufacturing  than  in  educa- 
tion; and  in  manufacturing  that  differences  of  opinion  be- 
tween departments  leads  to  a  prompt  and  effective  decision  by 
the  administration:  differences  of  opinion  in  manufacturing 
are  not  allowed  to  interfere  with  consistent  processes. 

In  college  organization  the  different  departments  in  one 
college  are  supposed  to  be  bound  together  by  the  dean  of  that 
college;  it  is  his  business  to  see  that  the  departments  work 
harmoniously;  that  their  instruction  be  correlated.  The 
dean 's  authority  may  not  extend  beyond  his  own  college.  If 
correlation  is  to  be  established  between  two  departments  in 
different  colleges,  it  seems  necessary,  according  to  the  rules, 
to  enlist  the  influence  of  the  deans  of  both  these  colleges  in 
favor  of  such  correlation,  or  to  carry  the  question  to  the  presi- 
dent of  the  institution.  This  is  an  awkward  process  for  the 
purpose,  to  say  the  least.  But  since  these  officials  represent 
the  correlating  influences  in  the  organization,  I  think  it  essen- 
tial that  they  realize  that  effective  correlation  can  become 
general  only  through  their  action  in  its  favor. 

If  the  instructors  in  two  courses  desire  to  establish  correla- 
tion in  their  work,  what  is  to  prevent  their  doing  it?  The 
conditions  for  correlation  are  given  in  the  fourth  paragraph 
of  these  notes.  The  instructors  are  on  the  same  campus ;  they 
meet  frequently;  a  few  conferences  on  the  subject  will  make 
clear  to  each  instructor  what  the  general  aim  of  the  other  is ; 
an  exchange  of  textbooks  with  marks  at  important  parts  will 
lead  to  a  thorough  understanding.  Given  the  desire  to  intro- 
duce correlation,  I  see  no  considerable  obstacle  to  its  effective 
and  prompt  introduction.  The  one  lack  is  the  desire;  the 
desire  on  the  part  of  hoth  instructors.  To  introduce  correla- 
tion, the  first  thing  that  is  to  be  supplied  is  the  desire  to  do  it. 
I  think  that  this  will  not  arise  in  the  minds  of  both  men  spon- 
taneously and  simultaneously.     This  desire  must  come  from 
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another  source.  It  must  come  from  the  correlating  official  of 
the  institution.  Each  instructor  must  be  told  by  his  own  dean 
that  correlation  must  be  introduced;  that  the  dean  does  not 
care  how  differences  of  opinion  are  settled  between  the  depart- 
ments, but  that  consistent  instruction  must  be  introduced 
without  delay. 

Professor  Mann's  Report  on  Engineering  Education  con- 
tains an  interesting  account  (page  30)  of  the  means  used  at 
University  of  Cincinnati  to  develop  ''a  very  effective  coordi- 
nation of  effort  among  the  several  departments. "  It  is  there 
stated  that  similar  efforts  are  being  tried  at  Sheffield  Scientific 
School  and  at  Stevens  Institute. 

The  course  in  General  Physics  is  commonly  given  to  engi- 
neering students  in  the  sophomore  year;  about  30  per  cent, 
of  the  time  for  this  course  is  devoted  to  the  study  of  mechanics. 
Mechanics  is  an  essential  part  of  physics  because  other  parts 
of  physics  are  not  considered  as  explained  satisfactorily  until 
they  are  solved  in  terms  of  mechanics.  This  study  of  me- 
chanics covers  the  fundamental  principles,  it  commonly  em- 
braces experimental  lectures  done  before  large  classes,  some 
individual  laboratory  work,  recitations  on  a  text,  and  the 
solution  of  some  problems.  This  work  is  conducted,  in  gen- 
eral, under  the  direction  of  the  physics  department. 

Instruction  in  mechanics  is  continued  in  a  separate  course 
and  quite  commonly  under  the  direction  of  another  depart- 
ment. In  this  further  work  the  main  object  is  to  give  the 
student  a  working  knowledge  of  the  subject  whose  funda- 
mental principles  have  been  studied  already.  Comparatively 
few  new  principles  are  taught  the  student  in  this  second 
course,  but  many  applications  are  made.  It  is  customary  to 
use  a  different  text  from  the  one  used  in  Physics  and  in  this 
text  the  subject  is  treated  as  a  whole,  de  novo;  the  principles 
are  again  explained  (perhaps  using  more  mathematics  and  a 
somewhat  more  advanced  view)  instead  of  referring  the  stu- 
dent to  his  former  text. 

The  teachers  in  this  mechanics  course  may  be  young  engi- 
neers with  a  couple  of  years  of  practical  experience ;  they  may 
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not  know  the  points  of  view  of  the  physics  instructors  in  that 
institution  and  they  may  care  less ;  they  may  have  found  that 
certain  points  of  view  in  mechanics  have  been  essential  in 
their  experience  in  practice  and  they  are  determined  to  make 
these  points  clear  to  their  students.  This  mechanics  course 
differs  from  the  physics  work  in  that  subject,  in  point  of  view 
and  in  method  of  instruction — the  solution  of  numerous  prob- 
lems of  a  practical  nature. 

In  January,  1917,  the  Physics  Committee  made  a  report  to 
the  Committee  on  Mechanics,  in  part,  as  follows : 

"The  Committee  on  Physics  very  much  regrets  the  gen- 
eral lack  of  cooperation  between  the  two  courses  in  me- 
chanics .  .  .  ." 

''It  realizes  that  this  lack  of  cooperation  is  due  to  the  lack 
of  knowledge  (on  the  part  of  the  instructors  in  physics)  of 
succeeding  engineering  courses  and  of  actual  engineering 
probleips,  to  the  lack  of  knowledge  (on  the  part  of  the  instruc- 
tors in  mechanics)  of  the  material  studied  in  the  course  in 
physics,  to  the  apparent  lack  of  knowledge  on  the  part  of  the 
student  in  passing  from  one  course  to  the  other,  and  to  the 
lack  of  recognition  of  the  necessity  of  repeated  reviewing  if 
the  student  actually  is  to  acquire  a  working  knowledge  of 
mechanics." 

"It  realizes  that  cooperation  in  the  preparation  of  a  sylla- 
bus on  mechanics  is  highly  desirable  as  a  method  of  influenc- 
ing the  cooperation  which  should  exist  between  the  two 
courses. ' ' 

The  report  closed  with  a  recommended  plan  for  the  prepa- 
ration of  the  joint  syllabus.  The  former  Committee  on  Me- 
chanics approved  the  undertaking.  In  December,  1917,  the 
Committee  on  Physics  presented  to  the  Committee  on  Me- 
chanics its  portion  of  the  proposed  joint  syllabus  on  Mechan- 
ics; and  the  approved  plan  provided  that  the  Committee  on 
Mechanics  would  furnish  additional  material  indicative  of  the 
work  of  the  second  course  in  mechanics.  This  material  was 
not  furnished  promptly  and  the  Committee  on  Mechanics  was 
reorganized  the  following  June.    The  following  December  the 
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matter  of  the  joint  syllabus  was  brought  to  the  attention  of 
the  present  Committee  on  Mechanics  and  Hydraulics.  This 
committee  had  other  work  laid  out  for  last  year.  Its  position 
regarding  the  proposed  syllabus  has  been  unsatisfactory ;  ap- 
parently its  members  looked  upon  it  as  work  that  ought  to  be 
done  out  of  courtesy  to  the  Physics  Committee  and  because 
the  preceding  Committee  on  Mechanics  had  approved  the  un- 
dertaking. However,  no  member  showed  enthusiasm  and  all 
appeared  to  be  busy  with  duties  that  seemed  more  important. 
The  matter  was  brought  to  a  head  by  the  request  by  Chairman 
Stewart  for  the  conference  referred  to  at  the  beginning  of 
these  notes. 

The  writer  does  not  believe  that  the  preparation  of  the 
proposed  syllabus  would  have  any  material  influence  in  bring- 
ing about  the  desired  correlation  of  courses.  Correlation  in 
any  one  institution  should  be  made  by  the  , adjustment  of 
courses  to  one  another  as  they  are  actually  given  in  that  insti- 
tution, and  not  by  the  adjustment  to  some  proposed  standard 
that  does  not  fit  the  condition  that  are  present  in  any  one 
institution.  The  proposed  syllabus  does  not  supply  the  motive 
for  correlation  in  any  one  institution,  whereas  the  writer  be- 
lieves that  the  motive  for  correlation  is  the  one  essential  re- 
quirement for  its  establishment.  The  Physics  portion  of  this 
proposed  syllabus  has  been  in  existence  for  over  two  years 
and  in  the  hands  of  men  in  mechanics;  I  have  not  learned 
that  any  mechanics  course  has  been  correlated  to  the  Physics 
portion  of  the  syllabus,  whereas  it  seems  to  me  that  this  would 
have  happened  in  some  institution  and  that  such  would  have 
been  reported  if  this  material  contained  the  key  to  the  solu- 
tion. Correlation  of  these  two  courses  has  not  taken  place  at 
the  State  University  of  Iowa,  where  this  proposal  appears  to 
have  originated.  If  this  matter  were  of  compelling  influence, 
it  seems  to  me  that  it  ought  to  have  shown  some  effect  at  its 
source  before  this  date. 

The  writer  believes  that  the  subject  of  correlation  of  courses 
is  worthy  of  the  attention  of  the  Society.  He  believes  that 
a  campaign  should  be  organized  for  the  purpose  of  calling  at- 
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tention  to  the  importance  of  the  subject  and  to  the  necessity 
of  securing  the  assistance  of  the  proper  officials  to  provide  the 
motive.  He  thinks  that  papers  should  be  published  upon  the 
attempts  that  have  been  made  to  secure  correlation  in  various 
institutions  with  the  results  obtained,  and  that  definite  insti- 
tutions be  approached  for  the  purpose  of  having  experiments 
in  correlation  attempted  for  the  good  of  the  institution  and 
for  the  information  of  the  Society  in  attempting  to  develop 
this  work. 
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The  Committee  was  assigned  no  specific  work  by  the  Society 
and  has  no  definite  recommendations  to  make,  but  desirt^s  to 
submit  as  information  certain  observations  concerning  the 
teaching  of  economics  to  engineering  students. 

These  observations  are  not  intended  to  be  recommendations 
as  to  methods  of  teaching,  for  teachers  of  economics  have  their 
own  methods;  they  are  rather  meant  to  indicate  the  results 
which  in  an  engineer's  judgment,  may  be  most  beneficial. 

Point  of  View  in  Teaching  Economics  to  Engineering 

Students. 

In  this  connection,  the  following  statements  of  opinion  are 
offered  by  the  Committee : 

1.  The  introductory  course  of  three  credit  hours  as  recom- 
mended in  the  1918  report,  should  consist  essentially  of  the 
elements  of  economics,  and  be  of  such  a  content  that  it  might 
satisfactorily  serve  as  a  basis  for  further  study  in  advanced 
courses. 

2.  In  the  adjustment  of  time  given  to  the  major  divisions 
of  the  subject,  primary  emphasis  should  be  placed  on  Produc- 
tion. 

3.  Anything  in  the  nature  of  applied  economics  as  related 
to  engineering,  should  be  administered  through  the  regular 
engineering  departments  just  as  the  applied  physical  sciences 
are  administered. 

In  support  of  this  opinion,  attention  may  be  called  to  the 
fact  that  most  textbooks  as  well  as  most  professors  of  eco- 
nomics at  present  are  chiefly  or  primarily  concerned  with  the 
distribution  of  the  nation's  wealth  and  the  products  of  in- 
dustry rather  than  with  the  production  of  this  wealth,  and 
therefore,  they  stress  the  former  phase  of  economics  above  the 
others.     Exchange  and  commerce  and  the  agencies  thereof 
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probably  take  second  place  in  their  estimation  and  consump- 
tion with  the  consideration  of  the  nature  of  human  wants  and 
the  elements  of  value  assigned  to  third  place,  leaving  produc- 
tion to  receive  the  least  attention  of  the  four  major  divisions 
of  the  subject  of  economics.  This  is  not  their  relative  order  of 
importance  as  they  pertain  to  the  profession  of  engineering. 
The  engineer  is  more  concerned  professionalh^  with  produc- 
tion of  the  foods  than  he  is  with  the  equitableness  of  their  dis- 
tribution, his  interests  in  the  latter  being  that  of  any  citizen. 
He  is  interested,  therefore,  in  the  economic  forces  which  stimu- 
late or  retard  production.  Are  personal  initiative  and  group 
efficiency  promoted  by  private  control  of  the  sources  of  pro- 
duction rather  than  by  government  control  to  the  end  that 
production  is  increased  and  made  more  efficient  ?  What  taxes 
are  purely  fiscal  and  what  are  regulatory  and  do  some  forms 
of  taxes  unduly  retard  production  ?  Is  output  restricted  and 
diminished  by  certain  laws  intended  to  regulate  industry'/ 
What  effect  do  adequate  facilities  for  commerce  have  on  pro- 
duction ?  Do  combination  of  capital  on  the  one  hand  and  the 
unionization  of  labor  on  the  other  affect  production  ?  Do  high 
wages  with  better  standards  of  living  increase  production  over 
low  wage  conditions?  This  sort  of  questions  illustrates  the 
professional  viewpoint  of  the  engineer  with  regard  to  economic 
questions.  For  example,  the  engineer  professionally  is  prim- 
arily interested  in  wages  as  they  affect  production  through 
their  influence  on  workmen's  efficiency  and  otherwise  rather 
than  in  the  general  social  problem  as  to  whether  they  represeut 
the  just  share  of  the  products  of  industry  that  should  go  to 
labor.  In  the  latter,  he  is  interested  as  a  worker  himself  and 
as  a  citizen,  but  the  former  phase  bears  on  his  professional  ac- 
tivity. For  this  reason  it  is  less  important  for  the  engineering 
student  to  study  at  great  length  the  various  economic  factors 
that  determine  labor's  return  than  it  is  to  know  the  agencies 
which  under  existing  conditions  actually  fix  wages.  That  is, 
it  is  less  important  for  him  to  follow  through  the  arguments 
of  those  on  the  one  hand  who  believe  that  labor's  share  of  the 
products  of  industry   (wages)   is  determined  by  "marginal 
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utility"  or  **mar^nal  productivity"  of  labor  and  of  those  on 
the  other  hand  who  contend  that  the  'living  wage"  theory  as 
advanced  by  Marx,  Ricardo  and  Smith  is  the  determining  fac- 
tor, than  it  is  for  him  to  know  that  wages  are  actually  deter- 
mined in  any  industry  by  the  facilities  for  bargaining  between 
employees.  The  engineer  is  interested  primarily  in  profit  shar- 
ing, industrial  partnership,  etc.,  in  so  far  as  these  devices  may 
affect  labor  turnover,  labor  efficiency  and  ultimately,  on  the 
cost  and  quantity  of  production.  In  other  words,  the  Com- 
mittee feels  that  valuable  time  may  be  unwisely  spent  in 
classes  of  engineering  students  with  comparatively  immature 
judgment  in  a  discussion,  as  the  primary  basis  of  a  course  in 
economics,  of  many  of  the  advanced  socialistic  notions  of  dis- 
tribution rather  than  in  the  consideration  of  the  fairly  well- 
established  principles  of  productive  industry  and  of  com- 
merce. 

Attention  should  be  called  also  to  a  possible  danger  that 
may  arise  in  leaving  an  engineering  student  with  only  a  brief 
outline  or  survey  of  economic  thought  which  must  necessarily 
be  rather  superficial,  unless  such  survey  has  been  skillfully 
administered.  This  student  is  not,  generally  to  have  the  bene- 
fit of  further  formal  studies  in  economics,  hence,  the  instruc- 
tion should  be  made  as  pointed  and  definite  as  possible,  and 
loose  ends  of  ideas  and  concepts  should  be  caught  up  and  such 
concepts  cleared  and  chastened  perhaps  more  systematically 
and  rigorously  than  in  the  case  of  liberal  arts  students  who 
intend  to  delve  more  deeply  into  the  philosophy  of  economics. 
Unless  this  is  done,  inaccurate  and  muddled  thinking  may  be 
the  result  of  the  course  instead  of  clear  cut  logic  that  is  so 
much  desired.  Economics  deals  largely  with  general  aver- 
ages, and  the  student  with  a  smattering  of  economic  factors 
may  talk  glibly  of  glittering  generalities,  about ' '  movements, ' ' 
''trends,"  "tendencies,"  "waves,"  "tides,"  "streams," 
"currents,"  "drifts,"  etc.,  and  yet  may  mistake  a  patch  on 
a  man's  trousers  for  a  "wave  of  economy."  Therefore,  ac- 
curacy of  observation,  clear  and  direct  thinking,  and  discern- 
ing judgment  in  analysis  should  be  striven  for  in  instruction, 
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with  an  effort  to  separate  the  relevant  from  the  irrelevant,  in 
considering  any  particular  question,  rather  than  to  arrive  at 
certain  preconceived  conclusions  of  more  or  less  dogmatic 
character,  which  may  after  all,  be  more  dependent  upon  the 
professor's  experience  and  training  than  upon  an  unbiased 
survey  of  facts.  Most  questions  of  political  and  social  organ- 
ization, after  being  brought  to  the  attention  of  the  class  and 
having  their  significance  indicated,  instead  of  being  ''settled" 
by  the  teacher,  would  best  be  left  to  the  further  reading  and 
observation  of  the  student  with  the  mental  road  left  open  for 
each  to  arrive  at  his  own  final  conclusions. 

Improved  Psychology  in  Teaching  Economics. 

That  a  good  deal  of  time  has  not  been  well  spent  in  the 
teaching  of  economics  in  attempting  to  project  modern  mo- 
tives and  wants  back  into  primitive  conditions  of  social  organ- 
ization is  doubtless  a  fact.  A  consideration  of  modem,  mo- 
tives, wants,  processes  and  methods  together  is  certainly  more 
rational  than  to  attempt  to  draw  conclusions  from  the  applica- 
tion of  modern  motives  to  primitive  methods,  because  the  mo- 
tives that  actuate  men  change  with  the  development  of  social 
organization.  Whereas  a  savage  was  actuated  almost  solely 
by  elemental  desires,  the  modern  man  is  actuated  by  a  com- 
plexity of  wants,  both  natural  and  artificial,  arising  from  the 
complex  means  of  supplying  and  satisfying  them;  hence,  to 
attempt  to  arrive  at  safe  conclusions  applicable  to  modern 
society  by  projecting  present  day  motives  back  to  the  condi- 
tions of  savages  swapping  nuts  for  fish,  building  a  wigwam, 
making  clothes  of  skins  and  bark,  or  of  Cruso  's  relation  to  his 
man  Friday,  may  be  agreeable  mental  diversion,  but  is  likely 
to  be  barren  of  usable  results  applicable  to  existing  conditions. 

Happily  this  sort  of  teaching  of  economics  does  not  prevail 
to  the  extent  that  it  once  did,  and  both  texts  and  professors 
devote  their  discussions  more  to  actual  conditions  of  the  pres- 
ent industrial  and  social  world,  and  attempt  to  connect  modern 
complex  wants  and  elements  of  value  to  the  existing  complex 
modes  of  supplying  them,  and  to  recognize,  for  example,  the 
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function  of  business  ability  and  of  organization  as  applied  to 
quantity  production  as  distinguished  from  the  crude  coopera- 
tion of  a  few  members  of  a  savage  tribe. 

The  average  engineering  student  is  not  familiar  with  busi- 
ness methods  and  the  agencies  and  instrumentalities  for  con- 
ducting the  economic  and  industrial  affairs  in  the  modern 
world  and  the  instructor  should  take  advantage  of  every  op- 
portunity to  impart  instruction  along  this  line  by  using  as 
illustrative  material  definite  and  accurate  information  con- 
cerning commercial  processes  instead  of  framing  hypothetical 
and  unreal  situations  as  they  may  occur  to  him  at  the  moment. 
It  is  true  that  to  teach  a  class  in  this  manner  will  require  spe- 
cial effort  on  the  part  of  the  instructor  even  though  he  may  be 
able  to  discuss  generalities  from  his  knowledge  of  the  subject. 
The  chief  cause  of  the  lack  of  interest  on  the  part  of  engineer- 
ing students  is  due  largely  to  the  pointless  instruction  of  in- 
structors who  lecture  out  of  their  inner  consciousness  and 
general  knowledge  of  the  subject  rather  than  put  forth  the 
effort  to  prepare  specifically  for  this  elementary  instruction. 

Present  Status  of  Courses  in  Economics. 

Two  years  ago,  this  Committee  recommended  that  a  three 
semester  hour  course  in  general  economics  be  required  of  all 
engineering  students,  and  submitted  a  tabular  statement  of 
the  prescribed  courses  in  economics  at  various  institutions  at 
that  time.  A  revised  study  of  conditions  indicates  that  a  few 
schools  not  requiring  economics  then  have  since  introduced 
courses  and  that  apparently  none  have  reduced  the  amount  of 
time  devoted  to  the  subject.  Some  have  introduced  courses  in 
what  may  be  termed  applied  economics,  such  as  management, 
administration,  costs  and  ratemaking,  valuation,  etc.,  taught 
by  members  of  the  engineering  faculty.  The  opinion  of  the 
Committee,  based  on  the  observation  of  only  a  few  cases,  is 
that  these  latter  courses,  where  taught  by  a  professor  of  engi- 
neering of  broad  professional  experience,  are  of  much  value. 

As  indicated  in  the  1918  report  of  this  Committee,  some 
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engineers  and  writers  appear  to  confuse  economy  or  economics 
of  design,  construction  and  operation,  which  takes  into  con- 
sideration the  factors  affecting  the  cost  and  financing  of  engi- 
neering projects,  with  economics  or  political  economy  as  the 
term  is  employed  by  collegiate  faculties.  There  is  a  danger  of 
rendering  the  term  economics  threadbare  and  meaningless  by 
its  promiscuous  use,  and  this  resulting  vagueness  of  the  term 
has  apparently  led  some  to  suppose  that  collegiate  depart- 
ments include  many  subjects  in  their  curricula  which  as  a 
matter  of  fact  they  are  not  equipped  to  teach  nor  do  they 
make  any  attempt  to  do  so. 

Combined  Courses  of  Commerce  and  Engineering. 

Somewhat  over  a  year  ago,  certain  conferences  were  held 
under  the  direction  of  the  Bureau  of  Education  to  foster  the 
development  of  courses  involving  a  combination  of  technical 
subjects  with  economics  as  preparation  for  managerial  posi- 
tions. A  few  schools  have  instituted  such  courses,  as  related 
in  last  year's  report,  and  this  list  has  been  slightly  increased 
during  the  year.  All  these  courses,  except  perhaps  that  at 
Carnegie  Institute  of  Technology,  are  fundamentally  courses 
in  engineering  with  economics  and  similar  subjects  substituted 
for  some  of  the  more  highly  specialized  technical  subjects.  In 
one  instance,  at  least,  the  courses  in  economics  are  added  as  a 
fifth  year  to  the  regular  engineering  curricula,  and  in  another, 
the  combined  course  is  of  six  years  duration  coordinate  with 
the  other  technical  courses  at  the  same  institution. 

While  the  Committee  is  not  prepared  to  offer  an  opinion  as 
to  the  feasibility  of  such  courses  generally,  it  appears  that  the 
interest,  as  indicated  by  the  number  of  students  enrolled  in 
them,  is  greater  in  the  populous  manufacturing  and  commer- 
cial centers  than  it  is  in  the  mid-west  institutions.  Massachu- 
setts Institute  of  Technology,  for  instance,  reports  a  growing 
enrollment  in  its  course  in  Engineering  Administration,  while 
two  mid-west  universities  have  practically  no  demand  for 
similar  courses.  This  is  the  situation  that  would  naturally  be 
expected  from  the  circumstances. 
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The  Committee  believes  that  the  application  of  the  term 
"Commercial  Engineering,"  as  proposed  by  the  Bureau  of 
Education  to  courses  in  schools  of  commerce,  which  include  a 
small  amount  of  informational  study  in  engineering  methods 
and  processes,  is  undesirable,  because  ''engineering"  has 
through  the  past  century  taken  on  a  fairly 'well  defined  mean- 
ing, and  to  apply  it  loosely  to  the  specific  operations  and  pro- 
cedure of  commerce,  to  salesmanship,  of  miscellaneous  goods, 
to  advertising,  accounting,  etc.,  is  but  rendering  the  term  more 
meaningless  as  signifying  a  profession. 

J.  W.  DiETZ, 

A.  B.  McDaniel, 
E.  B.  Paine, 
P.  F.  Walker, 
C.  C.  Williams,  Chairman, 
Committee. 

The  Committee  begs  to  submit  as  an  Appendix  to  the  above 
report,  the  following  brief  paper  on  "Teaching  Elementary 
Economics  to  Engineering  Students"  by  William  M.  Duffus, 
associate  professor  of  economics  at  the  University  of  Kansas, 
who  has  taught  the  economics  classes  for  engineering  students 
at  that  institution  during  the  past  year,  and  who  has  given 
considerable  thought  to  the  character  of  instruction  best 
adapted  to  the  conditions. 
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TEACHING  ELEMENTARY   ECONOMICS   TO 
ENGINEERING  STUDENTS. 

BY  WILLIAM  M.  DUFFUS, 
Associate  Professor  of  Economics,  University  of  Kansas. 

In  compliance  with  the  Committee's  request  the  writer  is 
glad  to  state  some  of  the  opinions  which  he  has  formed  con- 
cerning the  problem  of  teaching  economics  to  students  of  engi- 
neering. However,  he  wishes  it  understood  that  his  opinions 
are  the  result  of  but  one  year's  experience  with  the  problem 
and  that  some  of  them  are  tentative  conclusions  rather  than 
expressions  of  final  judgment. 

First  of  all,  it  seems  to  the  writer,  the  committee  is  to  be 
congratulated  upon  its  discernment  in  emphasizing  the  neces- 
sity for  thorough  drill  in  what  are  generally  accepted  as  the 
fundamental  principles  of  economics.  The  engineer,  if  he  is 
to  rise  to  his  opportunities  for  personal  advancement  and  for 
service  to  others,  needs  to  have  a  good  grasp  of  these  princi- 
ples and  a  reasonably  accurate  knowledge  of  the  nature  and 
problems  of  modern  economic  institutions.  He  can  best  get 
these  aids  to  efficiency  as  the  rest  of  us  can  best  get  them — by 
the  study  of  economic  forces  and  economic  institutions  as  they 
are  found  in  the  world  at  large.  It  is  no  more  possible  to 
divide  the  principles  of  economic  science  successfully  into 
economics  for  business  men,  economics  for  farmers,  economics 
for  engineers  and  economics  for  apothecaries  than  it  is  to 
divide  the  principles  of  the  physical  sciences  in  the  same  way. 

Although  all  students  studying  economics  need  to  study  the 
same  fundamental  economic  principles,  whatever  the  profes- 
sions for  which  they  may  be  preparing,  they  do  not  all  need  to 
approach  the  subject  in  the  same  way.  In  fact  there  are  dis- 
tinct advantages  in  using  methods  of  approach  which  differ 
more  or  less  in  accordance  with  the  experience,  maturity  and 
interests  of  the  student.  The  maintenance  of  courses  exclu- 
sively for  students  of  engineering  would  seem  to  be  an  aid  to 
good  instruction. 
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It  must  also  be  admitted  that  after  the  student  acquires  a 
knowledge  of  the  fundamental  principles  of  economics  he  may 
reasonably  be  permitted,  within  pretty  broad  limits,  to  apply 
that  knowledge  and  make  further  inquiries  in  the  fields  of 
economic  activity  in  which  he  is  professionally  most  interested, 
even  though  he  has  to  neglect  other  fields.  To  illustrate,  the 
student  of  agriculture  may  reasonably  be  given  special  in- 
struction in  rural  credits  and  the  marketing  of  farm  products ; 
the  student  of  engineering  may  just  as  reasonably  be  given 
special  instruction  in  the  problems  of  industrial  relations,  the 
regulation  of  railroads  and  public  utilities,  and  the  organiza- 
tion and  financing  of  business  enterprises.  But,  it  may  be 
remarked  parenthetically,  there  will  be  little  opportunity  for 
any  instruction  in  these  or  in  certain  other  very  important 
phases  of  economics  as  long  as  the  present  limitation  of  the 
time  given  to  economics  to  a  maximum  of  three  hours  per  week 
for  one  semester  prevails.  The  writer  earnestly  believes  that 
the  extension  of  the  time  for  the  course  from  three  to  five  or 
six  hours  would  more  than  double  the  value  of  the  course. 

Taking  the  situation  as  it  stands,  the  use  of  the  class  dis- 
cussion method  of  instruction,  with  assigned  readings  in  one 
textbook  and  in  one  or  more  books  of  readings  and  frequent 
short  written  quizzes,  will  probably  give  the  best  results. 
There  should  be  at  least  one  section  for  every  35  or  40  stu- 
dents. The  instructor,  especially  at  the  outset  of  his  work, 
should  make  an  especial  effort  to  explain  specifically  how  and 
why  a  knowledge  of  economics  is  essential  to  the  engineer  and 
should  point  out  from  time  to  time  as  he  develops  his  subject 
the  importance  of  the  different  phases  of  it  to  the  engineer. 
He  should  be  as  direct  and  concise  as  possible  in  his  own  share 
in  the  class  discussion  and  should  use  concrete  and  up-to-date 
illustrative  material.  He  should  avoid  the  elaboration  of  fine- 
spun theories  in  matters  of  controversy  in  so  far  as  it  can  be 
done  without  sacrificing  scientific  accuracy.  For  it  must  be 
remembered  that  the  student  of  engineering  is  training  him- 
self for  a  very  practical  life  and  not  for  a  life  as  a  speculative 
philosopher. 
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It  is  probable  that  a  textbook  especially  desij^ed  to  meet 
the  needs  of  students  of  engineering  would  be  a  material  aid, 
if  properly  written,  in  the  teaching  of  economics  for  engineers. 
Such  a  book  should  be  written  by  an  economist  who  has  had 
experience  in  teaching  engineering  students  and  who  knows 
something  of  their  psychology  and  the  difficulties  which  they 
have  in  grasping  the  subject.  It  should  be  written  with  the 
point  of  view  of  the  student  constantly  in  mind.  It  may  be 
difficult,  however,  to  induce  any  competent  economist  to  un- 
dertake the  task  as  long  as  the  present  time  limitation  on  the 
work  of  the  course  remains  effective. 

The  writer  has  used  Ely's  ** Outlines  of  Economics"  as  the 
text  this  year  and  has  assigned  additional  readings  in  Mar- 
shall, Wright  and  Field's  *' Materials  for  the  Study  of  Ele- 
mentary Economics."  Such  collections  of  illustrative  material 
as  are  found  in  Marshall's  ''Readings  in  Industrial  Society," 
Hamilton's  "Current  Economic  Problems"  and  some  of  the 
more  specialized  books  of  readings  might  well  be  used  as  addi- 
tional references.  The  writer  has  found  it  inadvisable  to  de- 
pend upon  any  one  book  of  readings.  In  fact  he  is  among 
those  instructors  who  are  desirous  of  seeing  some  plan  for  the 
provision  of  loose-leaf,  up-to-date  illustrative  material  worked 
out  as  an  experiment.  In  this  connection  readers  may  be  in- 
terested to  know  that  a  committee  of  members  of  the  Ameri- 
can Economic  Association,  chosen  from  among  instructors  of 
elementary  classes  in  universities  and  colleges,  is  studying  the 
possibility  of  establishing  such  a  plan. 

There  is  a  disposition  among  some  teachers  of  economics 
to  regard  students  of  engineering  as  particularly  hard  to 
teach.  The  writer's  experience  does  not  warrant  this  belief. 
If  the  instructor  receives  proper  support  from  the  school  or 
departments  of  engineering  and  if  he  approaches  his  subject 
with  proper  consideration  for  the  psychology  of  his  students 
and  with  proper  enthusiasm  on  his  own  part  he  should  be  able 
to  obtain  results  that  will  compare  favorably  with  those  ob- 
tained in  teaching  academic  students  or  students  preparing 
for  commercial  pursuits. 


REPORT  OF  COMMITTEE  NO.  15,  CIVIL 
ENGINEERING. 

SUBJECT:  METHODS  AND  DETAILS   OF  TEACH- 
ING STRUCTURAL  DESIGN. 

The  above  subject  was  assigned  to  the  Committee  nearly 
three  years  ago.  A  progress  report  including  three  formal 
papers,  was  presented  at  the  Evanston  meeting  which,  with 
discussion,  appears  in  the  1918  Proceedings.  The  work  was 
continued  during  the  following  year  primarily  by  means  of 
discussions  by  Messrs.  C.  E.  Fowler,  J.  A.  L.  Waddell,  H.  P. 
Gillette,  Gustav  Lindenthal,  0.  H.  Basquin,  S.  C.  Hollister, 
Edward  Godfrey,  and  F.  E.  Schmitt.  These  were  published 
in  the  April  and  May  (1919)  numbers  of  the  Bulletin,  but 
not  in  the  Proceedings. 

A  report,  which  was  regarded  by  the  Committee  as  a  final 
one,  was  presented  at  the  Baltimore  meeting  which,  with  dis- 
cussions was  published  in  the  1919  Proceedings. 

This  report  contained  a  ' '  Summary  of  Conclusions ' '  which, 
by  vote  of  the  meeting  was  made  a  part  of  the  program  of  the 
1920  convention  for  discussion  and  possible  adoption. 

The  Committee  has  given  an  attentive  ear  to  the  discus- 
sions and,  with  further  study,  takes  the  liberty  to  make  one 
slight  change  and  two  additions  to  the  Summary  as  pre- 
sented a  year  ago.  It  therefore  presents,  for  approval  by  the 
Society,  as  the  principles  which  should  be  considered  in 
planning  and  administering  the  structural  courses  of  a  cur- 
riculum in  Civil  Engineering: 

1.  The  general  curriculum  in  Civil  Engineering  should  be 
fundamental  in  character  and  broad  in  scope. 

2.  The  structural  courses  should  be  considered  as  a  part 
of  the  general  curriculum  and  not  as  independent  courses. 

3.  The  structural  courses  should  be  so  comprehensive  and 
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at  the  same  time  so  fundamental  that  they  will  enable  the 
student  to  understand  the  main  features  of  the  design  of 
structures  and,  at  the  same  time,  serve  as  a  basis  for  future 
specialization  in  college  or  in  practice. 

4.  The  required  structural  courses  should  include : 

(a)  Mechanics,  including  statics,  dynamics,  and  mechanics 
of  materials. 

(&)  An  experimental  and  physical  study  of  the  usual  ma- 
terials of  construction,  including  iron,  steel,  timber,  cement 
and  concrete. 

(c)  The  theory  of  reinforced  concrete  construction  with 
just  sufficient  design  to  illustrate  and  fix  the  principles  in- 
volved. 

(d)  An  analysis  of  stresses  and  deflections  in  framed  struc- 
tures from  a  general  standpoint  which  may  be  extended,  when 
desired,  to  any  structure,  for  dead  and  live  loads. 

(e)  The  principles  underlying  the  design  of  sections  and 
of  details  with  just  sufficient  work  in  design  to  illustrate  and 
fix  those  principles. 

(/)  An  introduction  to  the  principles  of  estimating  and  to 
the  procedure  of  producing  structures. 

5.  Electpie  structural  courses  should  be  provided  in  ac- 
cordance with  the  policy  and  the  needs  of  the  individual 
institution. 

6.  The  methods  employed  should  be  such  as  to  arouse  the 
student's  interest  and  be  directed  towards  the  discovery  and 
development,  by  the  student,  of  the  principles  involved, 
rather  than  to  ''teach"  him  certain  standard  theories  and 
methods. 

The  slight  change  mentioned  above  consists  of  dropping 
the  words  ''statically  determinate"  which  preceded  "struc- 
ture" in  4  {d).  The  discussion  has  brought  out  the  fact  that 
in  a  numoer  of  required  courses  including  those  given  by 
two  members  of  the  committee,  the  stress  work  has  been  ex- 
tended to  some  statically  indeterminate  conditions  with  ap- 
parent success.     The  change  does  not  necessarily  recommend 
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this  procedure,  but  it  specifically  removes  a  recommendation 
that  statically  indeterminate  work  be  excluded. 

4  (/)  was  added  to  meet  a  demand,  championed  particu- 
larly by  Professor  McKibben  at  the  Baltimore  meeting,  for 
giving  the  student  an  insight  into  the  shop  and  managerial 
problems  involved  in  producing  structures  and  for  calling  at- 
tention to  the  need  of  considering  estimates  in  connection 
with  the  structural  courses  unless  provision  has  been  made 
elsewhere  in  the  curriculum. 

5  has  been  added  to  cover  the  demand  from  certain  sources 
for  additional  work.  The  committee  feels  that  further  re- 
quirements in  structural  lines,  accompanied  by  similar  ones 
in  railroads,  water  supply,  sewerage,  etc.,  would  defeat  the 
purpose  of  a  strong  fundamental  course,  but  recognizes  that  a 
certain  amount  of  specialization  may  be  desirable  for  some 
men  at  some  places  and  that  this  can  best  be  provided  for 
through  electives. 

Respectfully  submitted, 

A.   H.   Fuller,   Chairman, 

W.  C.  Huntington, 

H.  T.  Burt, 

C.  T.  Morris, 

J.  Hammond  Smith, 

Committee  No.  15. 
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THE  EFFECT  OF  RAILWAY  CONDITIONS  ON 
CIVIL  ENGINEERING  CURRICULA. 

BY  CLEMENT  C.  WILLIAMS, 
Professor  of  Civil  Engineering,  University  of  Kansas. 

In  a  recent  number  of  a  technical  periodical  appeared  the 
rather  startling  statement  by  the  head  of  the  civil  engineering 
department  at  one  of  our  great  universities  that  no  work  in 
railway  engineering  was  required  at  that  institution  in  the 
civil  engineering  course  but  that  all  railway  work  offered  there 
was  elective.  The  statement  was  all  the  more  noteworthy  be- 
cause this  eminent  professor  is  a  civil  engineer  of  established 
reputation,  who  has  entered  the  educational  ranks  within  com- 
paratively recent  years,  and  therefore,  is  perhaps  least  biased 
in  his  thinking  by  educational  tradition,  and  also,  because  he 
is  preeminently  a  railroad  and  construction  engineer.  The 
reason  given  for  such  attitude  was  the  lack  of  favorable  con- 
sideration of  technical  graduates  by  the  railroads  in  their 
engineering  departments. 

This  brief  discussion  is  not  intended  primarily  as  a  comment 
on  the  action  at  the  above  mentioned  institution,  but  the  state- 
ment merely  accounts  to  a  certain  extent  for  a  taking  stock  of 
the  present  situation  with  a  view  to  arriving  at  a  definite 
policy  that  may  be  rational  and  justifiable  in  the  light  of  exist- 
ing conditions. 

In  years  past,  it  will  be  readily  enough  admitted  perhaps, 
technical  schools  devoted  more  time  than  was  justified  to  the 
sort  of  railway  engineering  that  was  then  taught.  This  situa- 
tion resulted  largely  from  a  dearth  of  better  material  to  con- 
stitute a  civil  engineering  curriculum,  resulting  in  the  offer- 
ing of  courses  in  railway  drawing  of  a  rather  useless  sort,  in 
stereotomy,  in  track  maintenance  including  a  study  of  details 
that  were  unintelligible  to  the  average  student,  and  extended 
practice  exercises  in  railway  location  surveys.     These  subjects 
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have  either  been  eliminated  altogether  or  have  been  greatly 
condensed  and  concentrated,  due  to  the  development  of  more 
suitable  and  essential  material  for  study  in  civil  engineering 
and  due  to  the  prevailing  increased  effectiveness  in  teaching. 

However,  a  certain  amount  of  railway  engineering  is  re- 
tained in  all  the  civil  engineering  curricula  of  the  larger 
institutions  with  perhaps  the  exception  of  the  university  men- 
tioned above.  The  retention  of  such  courses  probably  results 
from  two  main  reasons. 

In  the  first  place,  the  consensus  of  opinion  among  educators 
seems  to  be  that  a  curriculum  should  not  be  fashioned  to  meet 
the  needs  of  a  particular  type  of  commercial  position  or  a 
circumscribed  group  on  such  positions,  and  that  if  the  sub- 
jects offered  have  no  broader  application  than  to  fulfill  the 
requirements  of  a  certain  class  of  positions,  they  have  no 
legitimate  place  in  a  curriculum.  Regardless  of  the  outcome 
of  the  controversy  between  professional  pedagogists  and  psy- 
chologists as  to  whether  there  may  be  a  transfer  of  formal 
discipline  from  one  realm  of  mental  activity  to  another,  it  has 
been  amply  demonstrated  that  a  given  mode  of  attack  in  the 
analysis  and  solution  of  one  class  of  problems  will  aid  in 
undertaking  another  group  more  or  less  similar  which  may  be 
susceptible  to  a  similar  mode  of  treatment.  The  methods  of 
railway  surveys  and  earthwork  calculations  are  a  case  in  point, 
inasmuch  as  they  are  applicable  to  any  construction  line 
survey,  such  as  railway,  highway,  irrigation,  drainage  or  other 
canal,  levee  work,  etc.,  differing  chiefly  in  that  they  are  the 
most  precise  of  the  group,  and  that  they  have  been  reduced 
to  more  definite  and  scientific  procedure.  The  diversity  of 
their  applicability  therefore  would  justify  the  retention  of  a 
certain  amount  of  railway  surveys  in  civil  engineering  cur- 
ricula which  aim  at  training  for  the  general  practice  of  the 
profession. 

Studies  in  the  economics  of  railway  location  and  construc- 
tion are  likewise  justified  because  the  same  mode  of  attack 
is  applicable  to  highway  and  any  other  form  of  transportation 
engineering,  or,  for  that  matter,  to  determining  the  economic 
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significance  for  any  extensive  project,  and  also,  because  the 
records  and  systematic  accounting  required  by  the  Interstate 
Commerce  Commission  render  railway  operation  and  perform- 
ance most  readily  available  for  scientific  study  and  analysis. 
In  other  words,  this  type  of  training  and  discipline,  which 
is  fundamental  and  of  general  applicability,  can  be  obtained 
more  advantageously  and  reliably  from  studies  in  railway 
engineering  than  in  other  subjects. 

In  the  second  place,  even  a  casual  study  of  history  indicates 
that  transportation  and  communication  have  been  among  the 
most  potent  factors  in  the  evolution  of  industry  and  civiliza- 
tion and  the  indications  are  that  they  will  remain  so,  and 
hence,  for  the  liberalizing  to  a  certain  extent  the  curriculum, 
a  modicum  of  railway  engineering  is  desirable.  Obviously,  in 
this  connection,  the  railway  engineering  that  is  offered  should 
be  more  than  a  study  of  curves  and  surveys.  It  should  in- 
clude an  inquiry  into  the  factors  that  limit  the  capacity  of  a 
railway,  or,  otherwise  stated,  the  harmonious  and  consistent 
design  of  a  railway  as  a  manufacturing  and  commercial 
enterprise. 

Granted  then  that  railway  engineering  properly  forms  a 
part  of  a  general  civil  engineering  curriculum,  it  may  seem 
desirable  to  shift  the  emphasis  somewhat  from  the  purely 
physical  considerations  to  include  a  certain  amount  of  the 
economic  phases  of  railway  construction,  particularly  in  view 
of  the  changed  conditions  in  the  railway  situation  in  this 
country.  While  there  remain  many  physical  problems  of  the 
first  magnitude  in  the  future  of  railway  engineering,  it  is  the 
writer's  opinion  that  perhaps  the  most  complex  and  im- 
portant problems  of  the  future  are  largely  economic,  although 
entirely  within  the  realm  of  engineering.  The  questions  are 
not  those  of  pure  economics,  but  rather  of  applied  eco- 
nomics,— economics  that  arrives  at  a  definite  numerical  answer 
or  conclusion. 

It  is  probably  true  that  railway  engineering  as  generally 
taught  and  practiced  in  the  past  was  too  much  detached  from 
the  vitals  of  railway  operation.     A  railroad  is  primarily  a 
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plant  to  manufacture  and  sell  transportation,  and  railway 
engineering  has  been  rather  remotely  connected  to  either  of 
these  processes.  Only  in  the  introduction  of  certain  line  and 
grade  improvements  by  means  of  which  heavier  tonnage  could 
be  hauled  has  the  engineer  directly  contributed  to  increasing 
the  plant's  capacity  to  manufacture  transportation,  and  he 
has  seldom  had  anything  to  do  with  increasing  the  sale  of 
transportation.  He  has  been  a  rear  flagman,  as  it  were,  per- 
forming a  necessary  service,  but  somewhat  detached  from  the 
main  party.  As  a  result,  he  has  been  prone  to  forget  his 
relation  to  the  main  plant,  and  has  done  little  more  than — 
continuing  the  simile — give  backsights  when  so  directed. 

The  passage  of  a  freight  train  to  many  a  transitman  on 
maintenance  has  meant  only  a  brief  interruption  of  his  work, 
a  wave  of  the  hand  to  the  engineman,  and  an  indication 
perhaps  of  approximately  the  time  of  day.  Should  it  stimu- 
late his  inquisitiveness  and  cause  him  to  discover  the  answers 
to  a  number  of  questions,  such  as  the  following  for  instance, 
it  might  bring  him  to  a  realization  of  his  relationship  to  the 
entire  plant.  ''Is  the  train  that  interrupted  the  work  as 
long  as  it  should  be  for  the  grades  over  this  division  ?  Could 
the  division  points  be  changed  so  as  to  cause  a  smaller  loss  of 
transportation  capacity  while  passing  over  intermediate  rise 
and  fall?  Could  traffic  be  hauled  more  economically  if  the 
grades  were  reduced?  Are  all  the  cars  full?  Could  they  be 
operated  full  with  this  character  of  traffic?  Why  were  there 
empties  in  the  train?  Are  empties  hauled  in  the  opposite 
direction  also?  Where  did  the  cargoes  originate?  What  is 
their  destination?  Is  this  the  most  economical  route?  Will 
the  cars  return  empty  or  will  there  be  a  return  traffic  avail- 
able ?  What  could  be  done  to  tend  to  balance  the  traffic  over 
the  line  ?  Does  this  freight  train  stand  longer  on  sidings  than 
necessary  waiting  for  passenger  or  other  trains?  Should  the 
spacing  of  sidings  be  re-adjusted  to  prevent  such  loss  of  time  ? 
Is  enough  time  lost  to  justify  an  additional  track,  entirely  or 
at  low  speed  points?  What  proportion  of  the  time  is  this 
rolling  stock  moving?     Could  this  train  be  made  to  follow  the 
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preceding  one  more  closely  to  advantage  by  shortening  the 
blocks?  What  would  be  the  effect  on  transportation  costs  if 
this  train  were  speeded  up  somewhat?  Which  does  the  more 
damage  to  the  track,  this  freight  or  a  passenger  train  ?  How 
much  more?  etc."  Such  meditations  during  odd  moments 
might  bring  the  young  engineer  to  a  more  definite  apprecia- 
tion of  his  relation  to  the  entire  railway  plant  organization. 
Indeed,  unless  the  young  engineer  does  enter  into  vital  par- 
ticipation in  the  operating  strategy  of  the  railway,  he  is  likely 
to  find  railway  engineering  a  disappointing  field  of  endeavor. 
Unless  he  sees  more  to  his  work  than  the  aligning  of  curves, 
setting  of  construction  stakes,  calculation  of  estimates  and  de- 
tailing minor  structures,  he  will  succeed  about  as  well  as  the 
structural  engineer  whose  vision  is  limited  to  the  computation 
of  stresses  and  the  proportioning  of  parts,  or  the  hydraulic 
engineer  whose  capabilities  extend  only  to  the  determination 
of  head  losses  and  the  flow  of  water.  The  work  offered  in 
railway  engineering,  therefore,  should  lead  the  student  to  be 
alert  to  see  the  ultimate  relationships  of  the  tasks  which  he 
may  have  in  hand. 

As  suggested  above,  the  railway  projects  of  the  future  will 
probably  be  adjusited  with  a  nicety  in  respect  to  economic 
considerations  that  has  not  characterized  railway  engineering 
in  the  past.  The  problems  to  be  solved  will  be  largely  those 
of  construction  based  on  a  judicious  analysis  of  statistical  and 
economic  factors.  Radical  changes  may  be  expected  in  the 
needs  of  the  railways  which  may  give  rise  to  numerous  engi- 
neering enterprises.  The  railways  are  to  be  regrouped  into  a 
certain  number  of  systems  in  a  comprehensively  planned 
scheme  on  the  basis  of  natural  and  logical  transportation 
routes,  and  these  routes  are  likely  to  be  quite  different  from 
what  thoy  have  been  previously.  Our  railways  have  been 
largely  east  and  west  lines,  predicated  on  the  assumption  of 
the  Atlantic  Coast  as  offering  the  only  ports  of  foreign  ship- 
ping. This  condition  may  be  fundamentally  changed  in  the 
near  future  to  such  an  extent  as  to  render  the  old  assumption 
partially  obsolete.     Already  the  Panama  Canal  has  made  New 
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Orleans  the  second  export  city,  and  the  opening  of  the  Great 
Lakes  to  ocean-going  vessels  via  the  enlarged  Welland  Canal 
making  Chicago  and  other  lake  cities  foreign  shipping  ports, 
together  with  the  possible  improvement  of  the  lower  Missis- 
sippi, if  found  feasible,  to  admit  ocean-going  vessels  to  the 
middle  of  the  country  loading  for  foreign  ports  at  certain 
river  cities,  will  profoundly  affect  the  basis  on  which  these 
groupings  are  to  be  adjusted.  Our  railways  will  naturally  be 
laid  out  on  a  comprehensive  unified  plan,  the  basis  for  which 
will  be  controlled  largely  by  the  part  that  America  takes  in 
the  world's  commerce  and  the  arrangement  of  ports  that  will 
afford  the  most  direct  shipping,  as  well  as  by  the  conditions 
affecting  domestic  traffic. 

Because  of  this  regrouping  of  the  railways,  extensive  im- 
provements will  be  required  in  the  way  of  multiple  tracking, 
lines  and  grade  improvement  and  terminal  construction,  and 
the  design  of  these  will  be  based  upon  an  expert  analysis  of 
the  transportation  requirements.  While  it  is  out  of  the  ques- 
tion, of  course,  in  the  class  room  to  enter  into  these  major 
problems  confronting  the  railroads,  yet  many  of  the  general 
principles  determining  their  solution  may  be  investigated  and 
studied. 

Another  factor  also  must  be  considered  in  connection  with 
the  future  railway  situation,  namely,  the  improvement  of  the 
highways  and  the  development  of  highway  transport,  which 
will  inevitably  have  a  potent  effect  on  the  character  of  railway 
traffic.  Unless  terminal  expenses  can  be  reduced  to  a  marked 
degree,  local  freight  of  small  tonnage  will  be  carried  by  the 
highways,  and  under  any  circumstances,  the  amount  of  local 
freight  thus  transported  will  be  such  as  materially  to  affect 
certain  operating  conditions. 

Owing  to  these  developments  and  changes  in  the  railway 
situation,  therefore,  the  writer  is  of  the  opinion  that  some 
time  that  was  formerly  given  to  the  study  of  purely  physical 
factors  might  be  appropriately  diverted  to  a  consideration  of 
certain  more  general  commercial  or  economic  aspects  of  the 
situation.     Assuredly  the  design  of  location  and  of  terminals, 
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two  elements  of  prime  importance  in  the  recasting  of  the  rail- 
ways that  will  occur  within  the  next  few  years,  should  receive 
some  attention. 

Engineers  will  be  indispensable  in  this  program,  for  it  is 
incredible  that  an  industry  of  the  magnitude  of  the  railways 
can  be  efficiently  constructed  and  operated  without  the  aid  of 
technically  trained  men.  Whether  these  men  will  all  be  on  the 
regular  staffs  of  the  railways  will  largely  depend  upon  the 
attitude  of  the  railways  in  regard  to  the  payment  of  its  engi- 
neers and  to  the  conditions  of  service.  At  the  present  time, 
the  engineering  staffs  of  the  railroads  are  depleted  and  young 
men  graduating  from  college  are  not  attracted  to  this  work — 
in  fact  are  prejudiced  against  it — because  of  the  unfavorable 
conditions  that  have  existed  in  the  past.  Three  major  com- 
plaints are  lodged  against  the  railways  by  young  engineers: 
(1)  low  pay,  (2)  long  working  hours  including  Sundays  and 
holidays  without  extra  pay,  and  (3)  small  chance  for  advance- 
ment, especially  into  administrative  and  executive  offices.  If 
the  compensation  is  made  commensurate  with  the  skill  and 
responsibility  required,  the  hours  of  working  placed  on  a 
basis  similar  to  that  obtaining  in  other  industries,  and  an 
opportunity  for  promotion  provided,  capable  engineers  will 
seek  permanent  railway  service,  while  on  the  other  hand,  if 
these  conditions  are  not  made  satisfactory,  the  more  capable 
men  will  not  enter  railway  service,  for  other  industries  have 
come  to  appreciate  the  value  of  technically  trained  men  and 
will  offer  more  attractive  opportunities,  and  in  that  event,  we 
may  expect  to  find  the  more  intricate  and  important  railway 
engineering  done  by  consulting  engineers  of  vision  and 
capacity,  while  the  railway  staff,  inevitably  under  such  circum- 
stances composed  of  mediocre  men,  occupied  in  routine  main- 
tenance. This  statement  is  not  made  in  depreciation,  for  in- 
deed, the  condition  last  mentioned  may  be  in  the  final 
adjustment  the  logical  and  appropriate  one.  Cities,  water 
companies,  bridge  companies,  and  other  industries  usually  do 
not  retain  a  large  permanent  force  of  high  class  engineers  but 
for  special  problems  rely  on  the  expert  consulting  engineer, 
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depending  on  their  regular  forces  to  attend  to  routine  matters 
of  operation.  Already  there  are  evidences  of  the  development 
of  the  consultant  in  railway  practice  comparable  to  those  in 
other  branches  of  the  profession.  Whatever,  the  engineering 
organization  that  may  do  the  work,  certain  it  is  that  railways 
will  need  technical  engineers,  and  it  seems  no  more  logical  to 
discontinue  instruction  in  this  branch  than  it  would  be  in 
water  supplies  because  of  the  fact  that  water  companies  and 
cities  do  not  generally  employ  regularly  expert  engineers.  It 
is  as  reasonable  to  prepare  men  for  railway  work  under  con- 
sulting engineers  as  for  bridge,  municipal  or  hydraulic  work 
under  consulting  engineers.  Such  work  would  be  the  legiti- 
mate practice  of  the  profession. 

In  conclusion,  it  is  the  writer's  opinion  that  a  proper 
amount  of  railway  engineering  should  be  included  in  a  civil 
engineering  curriculum  because  of  the  general  applicability  of 
the  training  derived  therefrom,  although  it  may  be  desirable 
to  shift  the  emphasis  somewhat  from  the  purely  physical 
matters  to  include  certain  of  the  economic  phases;  and  that 
whether  the  larger  work  in  railway  engineering  is  done  by 
regular  staffs  or  by  consulting  engineers  makes  little  differ- 
ence, the  fact  remaining  that  an  industry  of  such  magnitude 
as  the  railways  will  always  either  employ  or  retain  technical 
engineers  of  superior  skill  and  capacity. 
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MINING  ENGINEERING. 

The  general  mining  engineering  profession  is  less  special- 
ized than  any  of  the  other  engineering  professions.  Its  own 
field  takes  in  many  of  the  others.  Its  growth  and  develop- 
ment have  been  so  comprehensive  that  its  subdivision  into 
Mining  Engineering  and  Metallurgical  Engineering  is  already 
well  advanced,  although  this  Society  still  holds  it  under  the 
parent  name.  The  extraction  of  ores  from  the  earth  is  espe- 
cially mining  engineering,  while  the  treatment  and  reduction 
of  ores  is  especially  metallurgical  engineering.  There  arft  a 
number  of  specialized  branches  of  the  former,  such  as  coal 
mining,  metal  mining,  hydraulic  mining,  etc. ;  and  there  are 
two  well  defined  divisions  of  the  latter  into  furnace  engineer- 
ing and  milling  engineering. 

The  profession  in  general  has  to  do  with  civil,  mechanical, 
electrical,  hydraulic  and  chemical  engineering;  and  in  addi- 
tion to  the  first  four  of  these  branches  of  engineering,  it  re- 
quires in  its  digging  operations  knowledge  of  the  science  of 
mining  and  of  geology,  and  the  solution  of  the  problems  of 
handling  and  controlling  stupendous  mass  weights  and  move- 
ments. 

The  operating  mining  engineer  will  further  require  a 
knowledge  of  business  science,  and  skill  in  organization  and 
employment. 

What  then,  may  we  enquire,  is  the  best  possible  training 
to  be  given  the  undergraduate  mining  engineer  in  the  time 
usually  alotted,  and  what  shall  be  done  to  bring  about  desired 
improvements  ? 

Five  different  topics  has  been  suggested  for  the  discussion 
of  this  question,  as  follows : 
1.  The  standardization  of  methods  of  teaching. 
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2.  The  improvement  of  the  standard  of  instructional  work. 

3.  The  designation  of  essential  equipments  for  mining,  ore 

dressing,  and  metallurgical  laboratories. 

4.  The  discouragement  of  the  further  establishment  of  min- 

ing schools  where  not  needed. 

5.  The  amplification  or  revision  of  the  mining  section  of  the 

report  of  the  Committee  on  Requirements  for  Gradua- 
tion, published  in  1904  and  1905,  Vols.  XII  and  XIII. 

The  first  has  special  reference  to  the  coordination  of  class 
room  and  laboratory  instruction,  laboratory  methods,  and 
field  practice. 

The  second  topic  involves  two  correlative  propositions:  on 
the  one  hand,  the  improvement  of  instructional  ability  and 
equipment ;  and,  on  the  other  'hand,  the  improvement  of  the 
quality  of  student.  The  one  is  largely  a  question  of  com- 
pensation and  price ;  the  other  may  be  accomplished,  perhaps, 
by  careful  selection  and  by  reaching  back  with  greater  atten- 
tion to  early  training.  Instructors  of  the  specialized,  or 
applied,  subjects  should  themselves  be  thoroughly  trained  in 
the  fundamentals,  and  understand  the  relations  between  the 
two  classes  of  subjects.  Moreover,  it  would  be  best  if  the 
teachers  of  the  fundamental  subjects  had  a  thorough  knowl- 
edge of  the  applied;  but  this  would  be  an  impracticable  re- 
quirement, especially  in  the  large  schools  giving  many  dif- 
ferent engineering  courses. 

In  approaching  the  third  topic,  we  may  observe  that  to  the 
engineer  a  training  in  capacity  for  calculation  and  anaylsis  is 
essential,  capacity  for  manipulation  may  be  convenient:  de- 
signing and  directing  are  essential,  expert  tradesmanship  is 
of  secondary  importance :  a  knowledge  of  business  science  may 
be  acquired :  and  an  understanding  of  humanity  may  be  culti- 
vated, but  the  capacity  for  it  must  be  inborn.  The  differ- 
ence between  the  trade  school  and  the  engineering  school 
should  be  kept  in  mind.  A  man  may  be  an  expert  miner, 
mill  man,  furnace  man,  or  assayer,  or  all  of  these,  and  not  be 
a  mining  engineer.     However,  it  is  usually  desirable  that  the 
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graduate  mining  engineer  should  be  a  good  surveyor,  or 
assayor,  or  chemist,  or  accountant,  etc.,  in  order  that  he  may 
enter  the  mining  business  with  a  qualification  with  which 
he  may  make  himself  useful  to  his  employer  and  incidentally 
earn  a  living.  The  particular  line  in  which  the  undergradu- 
ate may  choose  to  make  himself  useful  may  depend  upon  the 
branch  of  mining  engineering  he  wishes  to  follow,  or  it  may 
determine  for  him  the  branch  that  he  shall  follow:  but  if 
he  is  well  grounded  in  the  fundamentals,  the  whole  field  is 
open  to  him. 

The  essential  equipments  for  the  different  laboratories  are 
only  such  machinery  and  apparatus  as  illustrate  and  repre- 
sent the  operations  and  practices  that  have  become  standard, 
or  illustrate  some  important,  fundamental  principle.  Stand- 
ard operations  and  practices  that  are  susceptible  to  laboratory 
treatment,  are  relatively  few  in  number:  in  mining,  they  are 
drilling,  blasting,  and  supporting  excavations;  in  assaying, 
they  are  sampling,  charging,  melting,  and  cupelling;  in  ore 
dressing,  they  are  crushing,  classifying,  concentrating,  and, 
in  some  cases,  extracting;  in  metallurgy,  leaching  and  flota- 
tion are  susceptible  to  laboratory  treatment.  But,  important, 
fundamental  principles  remain  matters  of  individual  opinion, 
and  we  cannot  designate  essential  equipments  for  their  illus- 
tration, except  each  for  himself. 

The  fourth  proposition  may  be  favored  on  the  ground  that 
the  establishment  of  mining  schools  where  not  needed  is  liable 
to  be  accompanied  with  insufficient  equipment  and  support, 
the  employment  of  inferior  instruction,  the  graduation  of  men 
with  inferior  preparation,  and  the  general  degradation  of  the 
profession.  On  the  other  hand  it  may  be  urged  that  such 
schools,  by  calling  attention  to  mining  engineering  education, 
turn  many  good  men  toward  the  better  schools. 

We  shall  introduce  the  consideration  of  the  fifth  topic  by 
giving  a  summary  of  that  part  of  the  report  pertaining  to 
mining  engineering,  as  follows: 
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Hours . 

Language     400 

Mathematics    800 

Physics    700 

Chemistry,  including  assaying  800 

Geology  and  mineralogy  700 

Drawing  and  lettering    300 

Surveying  and  mapping  800 

Chemical  and  metallurgical  engineering  and  ore  dressing 700 

Structural  engineering,  statical  and  mechanical,  and  materials  of.  600 

Mining  engineering,  principally  underground    700 

Mining  engineering,   principally  underground,   and   including   or- 
ganization and  management    700 

Total  hours   7^00 

The  above  is  designed  to  cover  a  general  course  for  gradua- 
tion in  mining  engineering,  and  the  first  question  that  arises 
pertains  to  the  list  of  subjects;  the  second,  to  the  proper  dis- 
tribution of  time;  the  third,  the  detailed  subdivision  of  the 
subjects;  and  the  fourth,  the  arrangement  of  curricula  for 
different  specialized  courses  in  mining  engineering,  such  as 
Coal  Mining  Engineering,  Metal  Mining  Engineering,  etc. 
Specialized  courses  in  mining  engineering  appear  to  be  an 
actual  demand  of  the  times  that  should  be  provided. 

F.  W.  Sperr,  Chairman, 

H.  H.  Stoek, 

E.    A.    HOLBROOK, 

J.  B.  Porter, 

H.  E.  T.  Haultain, 

Cammittee. 
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A  COOPERATIVE  COURSE  IN  ELECTRICAL  ENGI- 
NEERING CONDUCTED  BY  MASSACHUSETTS 
INSTITUTE  OF  TECHNOLOGY  AND   GEN- 
ERAL ELECTRIC  COMPANY.* 

BY  W.  H.  TIMBIE, 

Associate  Professor  in  Electrical  Engineering,  Massachusetts  Institute 

of  Technology. 

The  educational  scheme  known  as  the  Cooperative  Plan  is 
not  new  in  itself.  That  there  are  distinct  advantages  in  ac- 
quiring theory  and  practice  at  the  same  time  has  long  been 
recognized,  and  several  technical  schools,  notably  those  abroad, 
have  been  operating  on  this  plan  for  several  years.  The  Col- 
lege of  Science  and  Arts  in  Glasgow,  the  Faraday  House  in 
London,  and  the  University  of  Copenhagen  in  Denmark,  are 
well-known  examples.  In  this  country  we  are  indebted  to  Dr. 
Herman  Schneider  for  inaugurating  the  cooperative  work  at 
the  University  of  Cincinnati.  Courses  similar  in  detail  have 
been  operated  by  the  University  of  Pittsburgh  and  by  Mar- 
quette University  at  Milwaukee.  The  only  excuse  we  have  for 
coming  before  you  with  the  Technology  Cooperative  Course 
in  Electrical  Engineering  is  that  it  differs  in  several  important 
respects  from  the  cooperative  schemes  of  other  institutions. 
It  is  these  differences  that  I  wish  to  call  to  your  attention,  and 
explain  reasons  for  their  existence. 

It  should  be  said  at  the  very  beginning  that  the  cooperative 
course  herein  described  was  not  planned  for  the  purpose  of 
training  electrical  engineers  in  every  field;  and  it  does  not 
take  the  place  of  our  old  and  well-established  electrical  engi- 
neering course,  but  is  an  addition  thereto  for  a  collateral  ob- 
ject. In  fact,  at  present  its  scope  is  rather  limited.  It  is 
avowedly  an  effort  at  intensive  education  and  training  of 

*  To  be  presented  at  the  28th  annual  meeting,  June  29  to  July  2. 
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electrical  engineers  to  meet  a  specific  demand.  Perhaps  the 
easiest  way  to  describe  just  the  field  that  these  men  are  being 
trained  for  is  to  consider  for  a  moment  the  various  fields  in 
which  electrical  engineers  are  needed.  We  can  roughly  di- 
vide electrical  engineers  into  three  rather  arbitrary  divisions : 

First,  the  consulting  engineer,  who  is  usually  attached  to 
one  or  more  electrical  companies  or  users  of  electrical  power, 
to  advise  them  in  cases  where  expert  electrical  knowledge  is 
needed. 

Second,  the  administrative  engineer  who  may  have  a  large 
financial  responsibility  in  addition  to  his  duties  as  electrical 
engineer.  Such  a  man  would  be  called  upon  to  take  the  re- 
sponsibility for  the  electrical  end  of  any  project  in  the  de- 
velopment and  utilization  of  electrical  power.  In  fact,  both 
of  these  first  two  types  are  more  closely  connected  with  the 
development  and  administration  of  projects  for  using  electric 
power  than  with  the  manufacture  of  the  machinery  involved 
in  such  projects,  and  are  in  fields  which  are  of  themselves  of 
tremendous  magnitude,  breadth  and  importance. 

In  the  Third  division,  then,  belongs  the  engineer  who  is  in- 
timately connected  with  the  design  and  manufacture  of  elec- 
tric machinery  and  accessories.  He  superintends  the  design 
and  manufacture  of  most  of  the  apparatus  used  by  the  other 
two  types.  His  qualifications  call  for  an  intimate  knowledge 
of  the  best  manufacturing  processes  and  a  thorough  training 
in  modern  research  methods — to  which  must  often  be  added 
the  ability  for  creative  design.  This  is  the  engineer  that  the 
Massachusetts  Institute  of  Technology  is  endeavoring  to  train 
by  means  of  its  cooperative  course  in  electrical  engineering. 

And  he  is  not  confined  to  manufacturing  electrical  appli- 
ances. This  is  the  engineer  that  will  be  needed  in  ever- 
increasing  numbers  as  the  country  turns  more  and  more  to  the 
manufacturing  industries  in  order  to  sustain  itself.  The 
alarming  rate  at  which  the  natural  resources  of  the  country 
are  being  depleted  has  made  it  imperative  that  the  country  at 
large  eventually  rely  almost  entirely  upon  its  manufactures. 
No  longer  can  we  depend  upon  our  exports  of  raw  materials  to 
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pay  our  bills.    These  raw  materials— lumber,  ores,  and  oils- 
must  be  manufactured  into  finished  products  if  the  living 
expenses  of  the  population  are  to  be  met.    Our  water  powers 
must  be  utilized  and  new  methods  of  using  our  oil  and  coal 
more  efficiently  must  be  devised.     In  all  this  work,  manufac- 
turing engineers  of  the  highest  type  are  needed,  and  become 
the  most  valuable  asset  of  the  country.    It  is  these  men  who 
in  the  last  analysis  must  direct  the  operation  of  the  nation's 
industries.    For  our  industries  cannot  compete  with  those  of 
other  countries  unless  they  are  conducted  by  men  who  have 
large  vision,  intimate  knowledge  of  manufacturing  details, 
and  a  thorough  training  in  science  and  scientific  methods. 
Manufacturing  must  be  conducted  on  a  sound  financial  basis, 
which  means  that  processes  of  production  must  be  so  managed 
that  the  total  cost  of  the  finished  article  will  be  low  enough  to 
compete  with  the  products  of  foreign  factories.    For  this  task 
the  services  of  an  engineer  who  has  a  thorough  knowledge  of 
manufacturing  processes  are  invaluable  and  his  duties  multi- 
farious.   He  must  not  only  be  familiar  with  the  best  methods 
of  production,  but  he  must  thoroughly  understand  scientific 
research,  in  order  that  he  may  take  advantage  of  new  dis- 
coveries and  continually  better  his  methods  of  production. 
This  cannot  be  stated  better  than  in  the  words  of  the  Governor 
of  Massachusetts,  Calvin  Coolidge.     ''Our  prosperity  comes 
from  our  industry  and  our  industry  cannot  flourish  unless  it 
is  directed  with  the  highest  intelligence.     Far  more  in  the 
future  than  in  the  past  will  this  intelligence  call  for  sound 
training  in  science  and  in  its  innumerable  applications  to  in- 
dustry. ' ' 

The  General  Electric  Comapny,  as  well  as  other  large  manu- 
facturing concerns,  for  years  have  felt  the  lack  of  this  type 
of  engineer.  They  have  endeavored  to  train  up  in  their  own 
organization  a  corps  of  men  sufficient  to  fill  the  ever  increas- 
ing number  of  positions  of  this  kind.  Now  the  General  Elec- 
tric Company  employs  65,000  men  and  yearly  puts  out  a  man- 
ufactured product  whose  market  value  is  over  $250,000,000. 
From  these  figures  you  can  gain  some  idea  of  the  quota  of 
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manufacturing  engineers  needed  by  this  one  company.  The 
normal  growth  of  the  company  averages  18  per  cent  per  year. 
To  take  care  of  this  increased  business  there  is  needed  an  in- 
creased force  of  engineers.  When  we  add  to  this  number  the 
inevitable  replacements  necessary  each  year,  some  idea  is 
gained  of  how  great  is  the  task  of  training  a  sufficiently  large 
corps  of  these  high  grade  engineers.  Every  large  manufac- 
turing concern  admits  its  inability  to  obtain  a  sufficient  num- 
ber of  these  men  to  meet  the  yearly  demand,  especially  as  the 
graduate  from  the  usual  mechanical  engineering  and  electrical 
engineering  course  requires  much  additional  training  and  ex- 
perience before  he  is  a  good  manufacturing  engineer. 

The  cooperative  electrical  engineering  course  at  the  Massa- 
chusetts Institute  of  Technology  is  an  attempt  on  the  part  of 
the  General  Electric  Company  and  the  institute  to  solve  this 
problem.  In  this  plan  the  students  have  the  advantage  which 
the  institute  offers  in  the  way  of  theoretical  and  technical 
training  combined  with  the  enormous  resources  which  the 
General  Electric  Company  offers  for  practical  experience  in 
the  manufacture  of  electric  appliances.  Most  of  the  theore- 
tical training  is  given  at  Cambridge.  The  greater  part  of  the 
practical  training  is  given  at  Lynn,  a  distance  of  about  ten 
miles  from  Cambridge.  The  course  is  supervised  by  a  joint 
committee  of  the  institute  and  the  company.  A  professor  of 
the  institute  is  associated  with  an  officer  of  the  company  in  the 
duty  of  supervising  the  progress  of  the  students  while  at  the 
Lynn  Works. 

The  course  covers  a  period  of  five  years,  the  first  two  years 
being  identical  with  the  regular  course  in  electrical  engineer- 
ing at  the  institute ;  the  last  three  years  being  divided  between 
the  instruction  in  theory  at  the  institute  and  training  in  man- 
ufacturing methods  at  the  General  Electric  Company.  The 
cooperative  features  thus  occupy  only  the  last  three  years, 
starting  in  the  summer  after  the  sophomore  year. 

While  at  the  works  the  students  are  given  a  fixed  payment 
per  week  as  employees  of  the  company,  which  payment  is  the 
same  whatever  department  of  the  works  may  be  the  one  to 
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which  the  student  is  assigned.  At  the  completion  of  the  five 
year  course  the  students  receive  the  Master  of  Science  degree 
and  the  Bachelor  of  Science  degree  their  graduation  taking 
place  at  the  regular  commencement  time  at  the  institute. 

The  first  class  was  limited  to  thirty  members.  The  class 
which  enters  July  6  this  year  will  consist  of  sixty.  The  size 
of  future  classes  may  be  still  greater. 

The  first  week  in  July,  the  entire  class  who  have  just  com- 
pleted their  sophomore  year  are  sent  to  the  General  Electric 
Company 's  works  at  Lynn  and  placed  in  various  shops.  Here 
they  remain  for  thirteen  weeks.  At  the  opening  of  the  fall 
term  at  the  institute,  one  half  of  the  students  return  to  Cam- 
bridge and  pursue  for  one  term  what  is  practically  the  regular 
course  in  electrical  engineering.  At  the  end  of  this  term  they 
have  a  vacation  of  two  weeks  and  then  go  back  to  the  works  of 
the  General  Electric  Company  for  further  experience.  The 
other  group  now  returns  to  the  institute  for  further  theoreti- 
cal instruction.  This  schedule  is  carried  out  for  three  years, 
each  group  spending  alternately  thirteen  weeks  at  the  General 
Electric  Company's  plant  and  eleven  weeks  at  the  institute. 
The  vacation  of  two  weeks  given  the  students  at  the  end  of 
their  period  at  the  institute  divides  the  year  into  four  equal 
periods  of  thirteen  weeks  each.  The  last  period  of  the  fifth 
year,  is  spent  by  both  groups  at  the  institute  so  that  the  two 
groups  graduate  together  at  the  regular  commencement  time. 
Yet  each  group  has  spent  an  equal  number  of  weeks  in  theo- 
retical instruction  and  practical  application. 

Now  as  to  the  points  of  difference  between  this  and  other 
cooperative  courses.  No  doubt,  on  the  surface,  the  most  strik- 
ing feature  is  in  the  length  of  the  periods.  This,  however,  is 
perhaps  the  least  important  difference.  It  was  endeavored 
to  arrange  the  details  of  the  course  so  that  they  would  fit  into 
a  system  of  education  which  the  founders  believe  is  basic. 
This  system  combines  the  rudiments  of  Spencer's  theory  of 
education  with  the  central  idea  of  Josiah  Royce's.  It  is  an 
endeavor  to  develop  all  the  desirable  sides  of  a  student's  mind, 
character,  and  body,  and  at  the  same  time  inculcate  in  him  the 
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spirit  of  loyalty  to  his  life's  work.  The  course  had  to  be 
planned  so  that  these  several  activities  would  be  carried  on 
uninterruptedly  throughout  those  periods  which  the  student 
spends  at  the  institute  and  at  the  works.  You  will  note  that 
in  the  scheme  as  outlined,  the  following  activities  are  carried 
on  continuously  throughout  the  course:  Instruction  is  given 
in  theory,  classes  are  conducted  in  some  humanistic  study, 
time  is  given  and  facilities  provided  for  coUaterial  reading, 
and  arrangements  are  made  for  physical  exercise  and  recre- 
ation. The  change  therefore  at  the  end  of  each  period  does 
not  mean  so  much  a  change  in  occupation  as  a  change  in 
emphasis  and  the  length  of  the  periods  thus  becomes  a  rather 
unimportant  detail. 

The  period  of  thirteen  weeks  at  the  shop  and  eleven  weeks 
at  the  institute  followed  by  a  vacation  of  two  weeks,  was  de- 
cided upon  for  the  following  reasons.  It  was  believed  that 
the  period  at  the  works  should  be  long  enough  for  the  student 
to  spend  in  each  department  an  uninterrupted  period  of  suffi- 
cient length  to  become  thoroughly  familiar  with  tlie  men, 
methods,  materials  and  spirit  of  that  department.  In  some 
departments  the  time  required  for  this  amount  is  practically 
three  months,  and  in  others  it  may  be  as  low  as  one  month. 
The  thirteen  weeks'  period  will  therefore  meet  the  conditions 
required  for  those  departments  in  which  he  must  spend  the 
longest  time  and  does  not  prevent  him  from  dividing  his  time 
among  two  or  three  departments  in  case  he  is  able  to  master 
the  details  in  a  shorter  time.  The  same  is  true  concerning  the 
length  of  the  period  at  the  institute.  The  shortest  course  at 
Technology  is  ten  weeks  in  length,  and  all  longer  ..'ourses  are 
some  multiple  of  ten  weeks.  The  student  is  thus  able  to  pur- 
sue his  studies  at  the  institute  in  units  of  standard  length. 
Furthermore,  the  fact  was  not  lost  sight  of  that  at  each  change 
some  time  was  lost  by  the  student  in  getting  started  on  the  new 
work.  Therefore,  the  periods  were  made  of  sufPelent  length 
to  keep  the  number  of  changes  as  low  as  practicable.  Finally 
it  was  hoped  that  the  length  of  the  period  had  been  so  chosen 
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that  the  sojourn  at  the  works  would  come  as  a  sort  of  mental 
relief  and  recreation  from  the  term's  work  at  the  institute. 
In  fact  it  was  hoped  that  toward  the  end  of  the  term's  work 
the  student  would  begin  to  look  forward  to  the  chango  as  a 
welcome  break  in  the  routine  of  study,  and  on  the  other  hand, 
that  the  length  of  the  period  at  the  works  would  be  sufficient 
to  quicken  his  desire  and  appetite  for  further  mental  concen- 
tration and  study.  The  fact  is,  the  thirteen  weeks'  period  has 
proven  that  these  results  have  been  accomplished.  But 
whether  or  not  a  somewhat  shorter  or  longer  period  would 
produce  the  same  results  has  not  been  experimented  with,  be- 
cause the  period  of  thirteen  weeks  fits  into  the  institute  calen- 
der in  such  a  way  that  the  periods  spent  at  the  institute  are 
practicably  coincident  with  the  regular  institute  terms.  So 
much  for  the  length  of  period. 

The  real  vital  difference,  it  seems  to  me,  between  this  course 
and  other  cooperative  courses  conducted  in  this  country,  is  the 
fact  that  the  cooperating  company  recognizes  that  for  three 
years  these  students  are  placed  in  its  plant  for  the  particular 
purpose  of  being  educated  and  trained  as  electrical  engineers 
of  a  particularly  high  grade.  There  is  not  the  slightest  effort 
or  inclination  on  the  part  of  this  company  to  use  these  stu- 
dents for  the  purpose  of  getting  out  greater  immediate  pro- 
duction. It  is  clearly  understood  that  these  students  are  in 
the  shops  and  offices  to  learn,  and  to  learn  thoroughly,  manu- 
facturing methods,  and  the  best  relations  of  labor,  mechanism, 
and  materials  in  high-grade  production.  Because  he  can  best 
obtain  this  knowledge  by  actually  doing  the  work  himself,  and 
because  the  skill  which  he  attains  in  any  process  is  the  only 
fair  indication  of  his  knowledge  of  that  process,  the  student  is 
put  on  the  company 's  pay  roll  and  becomes  part  of  its  organ- 
ization. The  length  of  time  spent  in  each  department  is  regu- 
lated not  by  the  needs  of  that  Department  but  by  the  value 
of  the  experience  to  the  student.  As  soon  as  it  deemed  that 
he  has  all  the  knowledge  of  the  details  of  the  department 
that  a  manufacturing  engineer  should  have,  he  is  immediately 
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changed  to  another  department.  This  change  is  made  upon 
consultation  between  the  foreman  of  the  shop,  and  the  officer 
of  the  company,  and  the  professor  of  the  institute,  who  are 
associated  in  conducting  the  course. 

It  is  not  to  be  inferred  from  this  statement  that  the  coopera- 
tive students  do  not  work  as  earnestly  and  as  consistently  as 
the  other  men  in  the  various  departments.  The  cooperative  stu- 
dents are  graded  on  the  amount  and  the  quality  of  the  work 
which  they  do  in  the  various  shops,  and  as  strong  inducements 
to  do  good  work  are  put  before  them  as  are  put  before  the 
regular  workmen.  The  only  difference  between  their  work 
and  that  of  the  other  employees  is  that  the  students'  work  is 
so  laid  out  that  they  receive  a  maximum  amount  of  experience 
from  each  job  and  they  are  kept  at  it  just  long  enough  to 
enable  them  to  become  fairly  proficient  in  the  necessary  oper- 
ations. In  this  way  the  minimum  amount  of  time  is  spent  in 
learning  the  details  of  manufacture  in  the  different  shops, 
testing  departments,  drafting  rooms  and  engineering  offices. 

This  spirit  on  the  part  of  the  cooperating  company,  it  seems 
to  me,  is  the  fundamental  contribution  which  this  cooperative 
scheme  offers  to  engineering  education.  All  the  other  points 
of  difference  between  this  and  other  cooperative  courses  are 
made  possible  and  have  their  origin  in  this  spirit  of  the  Gen- 
eral Electric  Company,  which,  we  believe,  is  the  true  coopera- 
tive spirit.  It  is  the  one  factor  which  has  allowed  us  to  carry 
out  the  plans  of  the  originators  and  to  make  such  innovations 
and  experiments  as  we  believe  will  improve  the  curriculum. 
I  will  speak  about  a  few  of  these  innovations  more  in  detail 
later,  but  I  want  it  clearly  understood  that  it  is  not  these 
changes  and  departures  from  the  ordinary  curricula  which 
are  the  important  things  in  this  course,  but  rather  the  real 
cooperation  which  the  General  Electric  Company  has  offered 
us.  Do  not  think,  however,  that  this  company  has  an  unselfish 
motive  in  this  work.  The  officials  of  the  company  frankly  con- 
fess that  they  are  pursuing  this  work  because  they  believe  that 
by  this  method  they  can  procure  the  future  engineers  who  will 
be  so  badly  needed  by  the  company  and  by  other  industrial 
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concerns  in  the  near  future.  It  was  because  they  believe  that 
this  is  the  best  way  to  secure  these  men  that  they  have  entered 
into  this  scheme,  and  after  one  year's  trial  they  report  that 
they  are  more  convinced  than  ever  of  the  value  of  cooperative 
education  conducted  along  these  lines. 

Perhaps  the  spirit  in  which  the  work  is  being  done  is  most 
clearly  manifested  in  the  attitude  which  the  officials  of  the 
company  are  showing  in  their  lectures  on  manufacturing 
methods.  Once  a  week  one  of  the  superintendents  has  the 
students  come  to  his  office  and,  in  an  informal  way,  talks  to 
them  for  an  hour  concerning  the  details  of  the  work  of  which 
he  is  in  charge.  This  feature  was  introduced  into  the  course 
at  the  suggestion  of  one  of  the  superintendents  and  is  given 
entirely  upon  the  superintendent's  own  time.  Some  of  these 
men  have  already  prepared  six  or  seven  talks  on  their  work, 
many  of  them  illustrated  with  lantern  slides ;  some  have  pre- 
pared exhibits  of  the  work  in  the  shops,  showing  the  material 
in  the  different  stages  of  manufacture,  and  arranged  in  order 
of  the  process.  Others  have  arranged  to  have  the  students 
come  to  their  shops  in  small  groups  in  order  to  follow  through 
the  manufacture  of  some  typical  article  of  their  product  so 
that  the  students  may  become  familiar  with  the  output  and 
the  processes  before  the  lecture  is  given.  When  one  stops  to 
think  of  the  amount  of  labor  and  time  that  is  involved  for  the 
superintendent  who  does  these  things,  he  can  appreciate  how 
the  spirit  of  the  originators  of  the  course  has  permeated  the 
personnel  of  the  works.  It  also  has  entered  into  the  attitude 
of  the  workmen  themselves.  I  have  been  surprised,  and,  I  as- 
sure you,  agreeably  surprised,  to  receive  rose-colored  reports 
from  the  students  concerning  the  willingness  of  the  workmen 
to  help  them  obtain  information  about  the  plant.  It  would 
seem  impossible  for  twenty-eight  different  personalities  to 
mingle  with  the  men  of  the  shops  and  offices  for  a  whole  year 
and  to  have  not  one  of  them  report  cases  of  grouchiness  on  the 
part  of  the  other  employees  of  the  company.  But  such  has 
been  the  case.  In  fact,  the  boys  report  that  many  times  they 
are  embarrassed  by  the  extreme  courtesy  and  eagerness  of  the 
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men  to  show  them  all  about  the  work  and  to  demonstrate  and 
explain  the  details  of  particular  processes.  All  these  things, 
it  seems  to  me,  show  the  degree  to  which  the  company  has 
entered  into  this  scheme  as  a  purely  cooperative  project. 

Of  course,  you  must  also  appreciate  that  the  students  have 
done  their  share  in  cooperating.  They  have  in  every  case 
entered  into  the  spirit  and  work  of  the  shops  and  offices  and 
have  quickly  become  a  part  of  the  company.  We  have  paid 
particular  attention  to  impressing  upon  the  students  the  great 
factor  which  human  engineering  plays  in  their  chances  for 
success.  They  are  impressed  with  the  fact  that  nothing  is 
of  more  importance  than  to  understand  the  sterling  qualities 
of  the  men  with  whom  they  are  working,  to  study  and  learn 
how  to  adapt  themselves  to  the  personal  characteristics  and 
eccentricities  of  the  various  foremen  under  whom  they  are 
working — that  these  things  will  be  of  the  utmost  importance 
when  they  are  in  a  position  to  direct  the  work  of  others.  So 
during  their  sojourn  at  the  shop  they  get  experience  not  only 
in  electrical  engineering  but  also  in  human  engineering  and 
each  man's  progress  along  this  line  is  followed  carefully  by 
those  in  charge  of  the  course.  Do  not  get  the  idea  from  this, 
however,  that  the  students  are  in  any  way  coddled.  Here  is 
an  excellent  chance  for  them  to  learn  to  stand  on  their  own 
feet  with  all  kinds  of  fellow  workmen  and  all  kinds  of  fore- 
men, and  they  are  compelled  to  do  so.  Of  course,  they  make 
mistakes  and  occasionally  get  into  trouble,  but  it  is  better  for 
them  to  make  mistakes  and  get  into  these  few  troubles  while 
they  are  still  students  under  the  supervision  of  the  instruct- 
ing staff  of  the  plant  and  school  rather  than  later.  Each  mis- 
take is  used  as  material  to  impress  upon  them  the  value  of 
human  engineering.  They  are  thus  able  to  learn  valuable  les- 
sons without  having  to  suffer  too  seriously  from  the  mistakes. 

Great  credit  belongs  to  Mr.  Magnus  W.  Alexander,  whose 
initiative  was  a  principal  force  in  the  origination  of  the  plan, 
and  to  Mr.  C.  K.  Tripp,  Superintendent  of  Apprentices,  of  the 
General  Electric  Company  for  the  excellent  work  they  have 
done  along  these  lines.    They  have  worked  out  highly  success- 
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ful  methods  for  utilizing  in  the  most  practical  way  all  the 
opportunities  which  the  shop  work  affords  for  education  and 
training  in  the  human  aspect  of  the  job.  To  be  sure,  they 
have  thrown  themselves  enthusiastically  into  all  activities  of 
the  work  and  have  brought  to  the  task  experience  of  twenty 
years  in  training  executives.  But  in  the  development  of  the 
human  side,  I  believe  they  have  contributed  a  particularly 
valuable  feature  to  the  educational  program  of  engineers. 
This  discussion  is  a  little  aside  from  the  point  I  was  trying 
to  bring  out,  but  I  believe  it  shows  how  the  far-sighted  policy 
of  the  Cooperating  Company  allows  us  to  broaden  the  training 
in  every  desirable  way. 

As  the  third  point  of  difference  from  other  cooperative 
courses,  I  will  mention  the  continuity  of  the  theoretical  studies 
and  humanistic  subjects.  All  through  the  course,  both  while  at 
the  institute  and  during  his  sojourn  at  Lynn,  the  cooperative 
student  is  pursuing  the  study  of  electrical  engineering  theory. 
At  this  same  time  he  is  taking  courses  in  the  study  of  English. 
While  the  main  purpose  of  the  latter  is  to  train  the  engineer 
in  more  effective  speaking  and  writing,  it  also  affords  oppor- 
tunities for  enlarging  his  vision  and  creating  new  interests. 
Accordingly  when  a  student  goes  to  the  works  he  continues 
the  study  of  electrical  engineering  just  as  though  he  were  at 
the  institute.  During  this  period,  however,  we  have  found 
that  he  can  comfortably  cover  only  about  half  as  much  ground 
as  he  would  in  a  like  period  at  the  institute.  This  schedule 
calls  for  six  hours  of  study  per  week  and  three  recitation 
hours  for  the  two  subjects,  electrical  engineering  and  English. 
Thus  including  the  one  hour  lecture  given  by  the  shop  super- 
intendent each  week,  the  students  spend  four  hours  per  week 
in  recitations  or  lectures.  Their  schedule  at  Lynn,  therefore, 
comprises  the  following: 

48  hours  per  week  in  shop  or  offices, 
4  hours  per  week  in  class  room  work. 
6  hours  per  week  in  preparation  for  class  room  work. 

This  schedule  allows  the  student  to  do  all  his  study  in  three 
evenings  a  week  and  yet  get  to  bed  at  half-past  nine.    There 

469 


COOPBBATIVE   COTJESE   IN    ELECTKICAL.   ENGINEEEING. 

is  still  left  for  him  three  weekday  evenings,  Saturday  after- 
noon, Sunday  and  Sunday  evening,  for  collateral  reading  and 
recreation.  At  the  institute  his  schedule  calls  for  a  total  of 
forty-eight  hours  per  week  in  class  room  and  preparation. 
Thus  while  he  is  at  the  works  the  student's  weekly  schedule  is 
increased  from  forty-eight  to  fifty-eight  hours  of  a  combina- 
tion of  shop  work  and  mental  work.  This  schedule  at  the 
works  has  proven  of  advantage  in  two  ways — it  has  made  the 
period  at  Lynn  contribute  to  the  student's  technical  knowl- 
edge and  literary  appreciation,  and  at  the  same  time  has  kept 
him  in  the  pink  of  condition  mentally.  The  scheme  m.ay  be 
compared  to  the  system  of  physical  training  in  which  intense 
physical  exercise  is  alternated  with  periods  of  lighter  but 
regular  exercise,  which  keeps  the  athlete  at  all  times  on  the  tip 
of  his  toes.  It  has  been  one  of  the  most  gratifying  results  con- 
nected with  the  work  to  find  that  our  fondest  hopes  in  this 
direction  have  been  fulfilled.  Members  of  the  instructing 
staff  at  the  institute  have  commented  upon  the  fine  mental 
condition  of  the  ©lasses  returning  from  their  thirteen  weeks' 
stay  at  Lynn.  I  believe  the  opinion  is  unanimous  among  their 
professors  that  these  students  are  wide  awake,  have  acquired 
a  keen  appetite  for  study  and  are  entering  into  their  work 
with  a  new  zest.  In  short,  they  have  what  the  boys  call ' '  pep. ' ' 
Inasmuch  as  the  material  used  in  the  study  of  English  and 
the  method  of  conducting  the  English  classes  is  u^nique,  I  be- 
lieve a  word  concerning  this  work  would  be  interesting.  It  is 
a  well  known  fact  that  engineering  students  as  a  class  have  an 
aversion  to  the  study  of  English  for  its  own  sake.  So  it  was 
felt  necessary  to  arouse  an  interest  in  this  work  before  start- 
ing it.  A  plan  which  was  conceived  by  Professor  H.  G.  Pear- 
son, head  of  the  English  and  history  department  at  the  insti- 
tute was  adopted.  At  the  first  session,  letters  from  successful 
graduates  of  the  institute  were  read  to  the  class.  These  letters 
all  brought  out  the  fact  that  the  higher  the  engineer  rises  in 
his  profession,  the  greater  is  his  need  to  be  able  to  speak  well 
and  to  write  well.    Several  instances  were  cited  where  promis- 
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ing  engineering  projects  were  turned  down  by  committees  or 
boards  of  directors  because  the  engineers  back  of  the  schemes 
were  unable  to  present  their  side  of  the  case  effectively,  while 
a  lawyer  who  knew  nothing  about  the  engineering  features 
was  able  to  talk  effectively  and  persuasively.  The  class  was 
then  formed  into  a  committee  or  a  board  of  conferees  and  the 
session,  instead  of  being  called  a  recitation  in  English,  was 
called  a  meeting  of  the  board.  At  each  of  its  sittings  one  of 
the  students  presided,  and  two  or  three  members,  acting  as 
a  subcommittee,  presented  a  report  to  the  board  and  advo- 
cated its  adoption.  This  report  generally  consisted  of  some 
engineering  project.  For  instance,  at  a  typical  session,  the 
class  was  formed  into  a  committee  from  a  manufacturing  com- 
pany about  to  build  a  machine  shop  of  a  given  size,  and  re- 
quiring a  definite  amount  of  power  for  lighting,  heating  and 
driving  the  machinery.  Two  members  of  the  class,  acting  as 
engineers  of  a  company  dealing  in  power  plant  equipment 
and  supplies,  put  before  the  board  the  advantages  of  the  com- 
pany owning  its  own  power  plant.  Two  other  members  of  the 
class  representing  the  local  electric  power  company  advocated 
that  the  board  purchase  central  station  power.  After  the  pres- 
entation of  each  side,  the  class  discussed  the  matter  and  finally 
voted  upon  the  question.  The  presentation  and  discussion  were 
made  without  notes,  except  for  numerical  data,  etc.  At  the 
close  of  the  discussion  an  instructor  in  English  criticized  the 
session,  taking  up  such  points  as  the  work  of  the  presiding 
officer,  showing  how  he  might  have  avoided  some  of  the  difficul- 
ties he  encountered,  and  how  he  might  have  more  easily  extri- 
cated himself  from  those  he  did  get  into.  The  effectiveness  of 
the  presentation  of  the  subject  was  taken  up  from  the  gram- 
matical, literary,  and  psychological  standpoints,  the  discussion 
of  the  class  was  commented  upon  from  the  point  of  view  of  its 
relevancy,  and  the  vote  of  the  class  was  criticised  as  to 
whethef  or  not  the  class  had  really  voted  upon  the  merits  of 
the  question.  A  member  of  the  engineering  faculty  usually 
discussed  the  whole  subject  from  an  engineering  standpoint, 
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generally  as  to  whether  or  not  a  fair  statement  of  the  facts 
had  been  made.  At  the  succeeding  session  of  the  class,  a  writ- 
ten report  was  always  handed  in  to  the  English  instructor  by 
the  men  presenting  the  projects  to  the  class  and  by  the  secre- 
tary of  the  board.  During  the  first  period  at  the  works  every 
man  in  the  class  had  an  opportunity  to  serve  on  two  subcom- 
mittees, to  preside  over  the  meetings  twice,  and  act  as  secre- 
tary twice. 

During  the  second  period  at  the  works,  the  sessions  in  Eng- 
lish took  a  different  tack.  On  the  previous  occasion,  emphasis 
had  been  placed  on  effective  presentation  of  engineering  pro- 
jects in  the  interest  of  some  company  for  which  the  student 
was  supposed  to  be  working.  During  this  term's  work  the 
emphasis  was  laid  upon  the  effective  selling  of  one's  own  ser- 
vices or  on  interesting  capital  in  one's  own  project.  The  in- 
structor took  the  pains  to  explain  the  purpose  of  this  term's 
work  before  asking  the  students  to  write.  He  showed  them 
that  each  letter  and  each  article  that  they  wrote  was  written 
for  the  purpose  of  producing  a  certain  effect  and  everything 
in  the  letter  or  article  should  add  to  this  effect;  that  any 
piece  of  writing  was  effective  only  in  so  far  as  it  produced  the 
result  that  was  desired.  A  letter  written  for  the  purpose  of 
obtaining  the  writer  a  job,  is  effective  if  it  lands  the  job.  A 
prospectus  written  for  the  purpose  of  selling  goods,  is  effective 
if  it  sells  the  goods.  In  keeping  with  this  idea,  the  instructor 
put  forward  as  the  aim  of  this  term's  work,  effectiveness  in 
writing.  Every  bit  of  writing  done  that  term  was  to  have  a 
definite  purpose  and  be  written  to  produce  a  certain  effect. 
Such  exercises  as  these  were  used.  *' Write  a  description  of  a 
dusty  room  which  will  make  the  reader  sneeze."  ''Write  a 
letter  asking  for  an  appointment  that  will  make  the  reader 
really  desirous  of  seeing  you."  When  the  idea  and  aim  of 
this  course  was  understood,  and  the  purpose  of  these  themes 
explained,  interesting  writing  competitions  arose  and  work 
which  formerly  was  looked  upon  as  drudgery  became  an  ex- 
citing contest.    The  class  used  as  a  textbook,  examples  of  force- 
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ful  writing  contained  in  a  volume  of  short  articles  by  a  well- 
known  reporter. 

I  have  dwelt  at  considerable  length  upon  this  first  year's 
work  in  English  because  I  am  convinced  of  its  importance  to 
engineers.  We  still  have  two  more  years  with  this  class  in 
which  to  continue  the  work,  and  plans  are  being  formulated  to 
develop  courses  which  will  so  appeal  to  the  engineering  stu- 
dent that  he  will  put  sufficient  effort  into  the  work  to  make  it 
effective. 

To  go  back  to  the  differences  between  this  cooperative  course 
and  others,  I  should  like  to  mention  as  a  fourth  point  the  pro- 
vision which  is  made  for  further  liberalizing  the  engineering 
student's  education  by  means  of  collateral  reading.  The  plan 
which  was  adopted  for  housing  the  men  lends  itself  very 
readily  to  the  arrangements  for  this  work.  The  students, 
while  at  Lynn,  live  together  at  the  Thompson  Club,  a  fine  old 
residence  which  has  been  remodeled  into  a  club  house  with 
private  rooms  for  individual  study,  an  assembly  room  for 
class  work,  a  library,  a  billiard  room,  shower  baths,  etc.  The 
club  house  forms  a  center  of  activities  and  here  all  class  exer- 
cises are  held.  Advantage  was  taken  of  this  arrangement  to 
equip  the  library  with  a  wide  assortment  of  technical  books 
from  the  institute  library,  and  arrangements  were  made  with 
the  Lynn  Public  Library  whereby  several  shelves  are  kept 
filled  with  books  on  all  sorts  of  subjects  and  in  many  fields  of 
literature.  These  books  are  exchanged  from  time  to  time  for 
others  suggested  by  members  of  the  class  and  by  the  instruct- 
ing staff.  The  sole  aim  of  this  part  of  the  library  is  to  make 
the  appearance  of  the  books  so  attractive  and  the  subject  mat- 
ter so  interesting  and  so  accessible  as  to  invite  the  men  to  use 
them.  So  important  do  we  consider  this  side  of  the  engineer's 
education  that  his  program  has  been  laid  out  with  the  definite 
purpose  of  giving  him  an  opportunity  for  reading  outside  of 
the  prescribed  courses.  We  thoroughly  believe  in  the  desir- 
ability of  creating  the  habit  of  general  reading  on  the  part  of 
the  engineer.  This  is  in  line  with  our  conviction  that  if  the 
men  with  engineering  training  can  be  induced  to  bring  this 
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training  to  bear  on  public  questions  and  civic  affairs,  a  great 
dynamic  for  good  will  be  put  into  public  life,  a  dynamic  which 
has  behind  it  all  the  power  of  a  highly  trained  mind.  This 
club  library,  together  with  the  material  used  in  the  English 
course,  affords  only  a  beginning,  but  our  efforts  have  met  with 
gratifying  results.  At  this  early  date  there  is  evidence  of  an 
increased  interest  in  public  affairs  and  a  growing  appreciation 
of  good  literature. 

The  fifth  point  of  difference  which  this  course  offers  is  the 
intense  spirit  of  loyalty  which  has  been  inculcated  in  the  mem- 
bers of  this  course;  a  loyalty  to  one  another,  to  the  institute 
and  to  the  cooperating  company.  Several  things  have  con- 
tributed to  bring  these  conditions  about.  First,  the  closest 
connection  has  at  all  times  been  maintained  between  the  insti- 
tute and  the  group  at  the  plant  of  the  cooperating  company. 
On  three  or  four  days  each  week  a  member  of  the  electrical 
engineering  department  of  the  institute  spends  a  half  day  at 
the  plant  visiting  the  various  shops  and  offices  to  which  the 
students  are  assigned,  or  to  which  they  are  to  be  assigned.  In 
this  way,  as  well  as  by  the  direct  contact  which  is  maintained 
in  the  two  sessions  a  week  in  the  class  room,  the  student  is 
made  conscious  of  the  supervision  which  the  institute  exer- 
cises over  his  work  in  the  shop.  To  further  decrease  any  sense 
of  separation  from  the  institute,  there  are  always  to  be  found 
on  the  library  table  copies  of  The  Tech  and  Technology  Re- 
view, two  student  publications  of  the  institute,  which  help  to 
keep  the  students  at  Lynn  in  close  touch  with  the  student  life 
at  Technology.  Another  feature  which  has  not  only  kept  the 
men  closer  to  the  institute,  but  has  made  a  closer  bond  between 
the  members  of  the  two  groups  of  cooperative  students,  has 
been  the  practice  of  having  the  group  at  the  institute  visit  the 
Lynn  works  on  evenings  when  the  officials  of  the  company  de- 
liver their  lectures  on  manufacturing  methods.  During  good 
weather  the  department  of  electrical  engineering  furnished 
automobiles  for  the  transportation  of  the  men.  The  members 
of  the  group  at  hynn  were  also  encouraged  to  make  frequent 
trips  to  the  institute  and  to  enter  into  the  student  activities 
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there  whenever  it  was  possible.  For  instance,  on  ''Tech 
Night"  at  a  Boston  theatre  the  group  at  the  works  attended 
in  a  body. 

On  other  occasions,  dinners  were  arranged  at  which  one  of 
the  men  acted  as  toastmaster  and  others  were  called  upon  for 
ten  minute  after  dinner  speeches.  These  dinners  not  only 
formed  very  pleasant  occasions  and  knit  the  class  closer  to- 
gether, but  gave  the  students  opportunities  to  try  out  the 
effectiveness  of  their  English  course.  I  know  that  the  older 
men  in  the  audience  who  have  been  bored  nearly  to  death  by 
after-dinner  speeches  will  not  very  readily  give  their  approval 
to  this  feature,  but  it  must  be  remembered  that  young  men  get 
a  good  deal  of  enjoyment  out  of  such  affairs  and  these  dinners 
were  really  welcomed  as  a  pleasant  break  in  the  routine. 

The  fact  that  these  students  are  all  taking  the  same  course 
at  the  same  institution,  and  are  working  for  the  same  cooper- 
ating company,  and  finally  living  together  under  the  very 
pleasantest  conditions,  quickly  develops  this  three-fold  loyalty. 
It  is  this  loyalty  to  the  institute  and  to  the  company,  founded 
upon  the  student's  conviction  that  both  the  institute  and  the 
company  are  planning  the  work  for  his  highest  education  and 
best  welfare  that  in  the  last  analysis  must  be  depended  upon 
to  produce  results  in  the  way  of  conscientious  and  intelligent 
effort  in  delivering  an  honest  day's  work  in  the  plant  and  in 
doing  the  full  quota  of  study.  Finally  the  cooperating  com- 
pany relies  upon  this  loyalty  to  influence  some  of  the  men  in 
each  class  to  remain  with  the  company  after  completing  the 
course. 

As  the  sixth  point  of  difference  in  conducting  this  work 
should  be  mentioned  the  fact  that  throughout  the  three  years 
students  are  kept  in  the  plant  of  the  same  cooperating  com- 
pany. Under  the  right  conditions  we  feel  that  this  has  its 
decided  advantages,  because  once  the  officials  of  the  company 
have  determined  upon  such  a  policy  as  the  General  Electric 
Company  have  determined  upon  in  connection  with  this 
course,  this  policy  can  be  maintained  and  pursued  in  every 
department  through  which  the  students  pass.    Of  course  the 
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company  must  be  of  such  a  size  that  it  has  all  the  departments 
in  which  an  electrical  eng^ineer  needs  experience.  We  are 
fortunate  in  our  cooperating  company.  It  designs  and  manu- 
factures electrical  and  mechanical  machinery  and  apparatus 
of  nearly  every  description  and  of  the  widest  range  of  capa- 
cities, and  many  mechanical  devices  large  and  small,  some  of 
the  most  intricate  design,  the  annual  selling  value  of  which 
exceeds  two  hundred  and  fifty  million  dollars.  Thus  we  are 
able  to  offer  the  student  a  wide  choice  in  the  departments  in 
which  he  is  to  get  his  experience  as  well  as  in  the  particular 
branch  he  desires  to  specialize  in.  This  arrangement  has  the 
advantage  of  offering  the  student  the  same  diversity  of  work 
which  a  large  number  of  smaller  companies  might  offer  him, 
without  the  disadvantage  of  a  lack  of  coordination  in  details 
and  in  educational  ideals. 

The  only  remaining  point  of  difference  I  wish  to  call  to  your 
attention  is  the  unusual  amount  of  theoretical  work  in  the 
course  and  the  fact  that  a  Master's  degree  is  awarded  by  the 
institute  upon  the  completion  of  the  five  years'  work.  From 
the  beginning  of  his  freshman  year  to  the  end  of  his  post- 
graduate year,  the  student  pursues  one  course  after  another  in 
mathematical  physics.  In  the  middle  of  his  sophomore  year 
he  starts  his  work  in  the  principles  of  electrical  engineering 
and  continues  it  without  a  break  four  terms  a  year  for  the 
remaining  three  and  one  half  years  of  his  course.  During  the 
last  year  the  work  at  the  institute  is  composed  of  advanced 
research  and  creative  design,  while  at  the  works  the  student  is 
given  experience  in  the  research  laboratories  of  the  company, 
or  upon  important  work  in  the  engineering  and  manufactur- 
ing offices.  For  a  successful  completion  of  this  course  the  in- 
stitute confers  the  degree  of  Master  of  Science,  The  degree  of 
Bachelor  of  Science,  conferred  as  of  the  year  preceding  the 
conferring  of  the  Master's  degree,  is  associated  with  the  Mas- 
ter's degree.  In  this  way  the  institute  shows  its  appreciation 
of  the  value  of  advanced  theoretical  training  combined  with 
practical  experience,  which  has  been  intelligently  planned  and 
carefully  supervised. 
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TIVES  OF  INDUSTRY  AND   EDUCATION, 
HELD  AT   DREXEL   INSTITUTE. 

BY  S.  P.  CAPEN, 
Director  American  Council  on  Education. 

America  had  no  sooner  begun  to  mobilize  for  the  war  than 
it  was  apparent  that  whatever  surplus  of  highly  trained  men 
existed  would  shortly  be  used  up.  The  matter  became  the 
object  of  very  serious  study  at  the  hands  of  several  groups  of 
people.  One  of  them  summoned  by  the  Council  of  National 
Defense  worked  under  the  chairmanship  of  Dean  Bishop,  the 
Secretary  of  the  S.  P.  E.  E.,  and  developed  the  outline  of  the 
policy  for  supplying  the  deficiencies  which  was  later  adopted 
by  the  War  Department. 

The  war  did  not  end  the  emergency  in  the  field  of  higher 
training.  Indeed,  there  exists  today  a  more  serious  numerical 
shortage  of  young  men  and  women  qualified  to  enter  the 
management  end  of  industry  and  business  than  at  any  previ- 
ous time  of  which  we  have  record.  The  situation  is  full  of 
portent  for  the  nation.  It  cannot  be  remedied  over  night, 
but  the  application  of  as  speedy  a  remedy  as  possible  is  a 
matter  of  national  concern.  No  one  can  be  indifferent  to  it. 
It  is,  of  course,  of  the  foremost  urgency  to  the  leaders  of  in- 
dustrial enterprises  and  to  those  charged  with  conducting 
higher  instituions,  especially  technical  colleges. 

A  study  of  this  situation  over  a  series  of  months  led  Dr. 
Hollis  Godfrey,  President  of  Drexel  Institute,  to  consider 
the  advisability  of  calling  a  joint  conference  of  educators  and 
industrial  leaders.  A  fitting  opportunity  presented  itself  in 
connection  with  the  annual  meeting  of  the  Technology  Clubs 
Associated,  which  was  held  at  Drexel  Institute,  March  26  and 
27,  1920.  This  meeting  would  be,  in  any  event,  frequented 
by  representatives  both  of  business  and  of  education.     Dr. 
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Godfrey  therefore  extended  the  list  of  invitees  to  include  a 
large  number  of  educational  and  industrial  leaders  who  had 
no  connection  with  the  Technology  Clubs. 

Representatives  were  present  from  the  following  indus- 
tries: Rubber,  textiles,  cotton  finishing,  shoes  and  leather, 
machinery  and  metals,  paints  and  oils,  paper,  and  public 
utilities.  On  the  educational  side  there  was  a  committee  of 
the  American  Council  on  Education  specially  appointed  to 
attend  the  meeting,  and  a  large  number  of  delegates  from 
leading  colleges  and  universities. 

The  purpose  of  the  meeting  as  stated  in  the  announcement 
was  to  ''write  a  joint  specification  of  the  present-day  educa- 
tional needs  of  American  commerce  and  industry  and  the  ex- 
pression of  those  needs  to  the  higher  institutions  of  the  United 
States."  In  other  words,  it  was  proposed  to  meet  the  present 
emergency  in  a  manner  similar  to  that  in  which  the  war 
emergency  was  met.  It  was  proposed  that  industry  should 
define  its  needs,  that  higher  institutions  should  accept  the 
definition  and  should  undertake  to  fill  these  needs.  It  was 
proposed  finally  to  set  up  machinery  which  would  enable  the 
representatives  of  education  and  the  representatives  of  in- 
dustry to  consult  together  periodically  concerning  the  train- 
ing of  men  and  women  for  industrial  and  business  purposes. 

The  discussion  showed  that  before  such  periodic  consulta- 
tions could  be  provided  for,  there  must  be  preliminary  organ- 
ization of  the  two  parties  concerned.  Educational  institu- 
tions and  associations  have  already  formed  an  organization 
which  enables  them  to  act  with  a  certain  degree  of  unity  in  a 
large  national  matter  such  as  that  proposed.  The  newly 
established  American  Council  on  Education  is  the  central 
organization  in  which  all  of  the  chief  national  educational 
associations  are  represented.  Its  general  object  is  to  promote 
and  carry  out  cooperative  action  in  matters  of  common  in- 
terest to  the  associations  and  institutions  composing  it.  No 
similar  organization  exists  in  industry.  The  convention  re- 
garded the  creation  of  such  an  organization  as  the  first  step 
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toward  the  practical  working  out  of  the  problems  presented 
to  it.     It  therefore  passed  the  following  resolutions: 

Besolved,  first,  that  each  of  the  industrial  groups  represented  in  this 
movement  for  the  writing  of  a  joint  specification  by  industry  and  the 
colleges  appoint  a  committee,  one  of  whose  members  shall  act  as  a  dele- 
gate to  a  Central  Council. 

Resolved,  second,  that  this  Council  shall  appoint  a  cooperating  com- 
mittee to  act  with  the  committee  designated  by  the  American  Council  on 
Education. 

Resolved,  third,  that  these  two  committees  shall  act  as  a  joint  clear- 
ance committee  to  advance  the  drawing  up  of  specifications  as  to  the 
qualifications  of  college  trained  men  and  women  needed  by  the  several 
industries,  disseminating  both  to  the  colleges  and.  the  industries  the 
information  necessary  to  secure  an  increase  in  quantity  and  a  betterment 
of  quality  of  the  output  of  the  colleges. 

Resolved,  fourth,  that  Dr.  Hollis  Godfrey  call  the  first  meeting  of  the 
Council,  acting  as  its  temporary  chairman. 

The  function  of  the  joint  committee  provided  in  the  third 
resolution  above  will  be : 

1.  To  define  for  the  benefit  of  the  industrial  groups  the  type  of  educa- 
tional specifications  that  will  be  acceptable  to  the  colleges  and  that  will 
fit  the  conditions  of  collegiate  organization. 

2.  To  review  the  specifications  submitted  by  the  educational  commit- 
tees of  each  industry. 

3.  To  circulate  them,  with  comment,  among  the  higher  institutions. 

Some  150  industrial  firms  have  made  financial  contribu- 
tions for  the  furtherance  of  this  plan.  The  necessary  steps 
for  the  organization  of  the  industrial  council  for  coopera- 
tion with  the  colleges  are  now  being  taken. 
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EDITORIAL. 

The  Federated  American  Engineering  Societies. — There 
was  adopted  in  Washington  at  a  conference  of  a  large  num- 
ber of  engineering  societies,  a  constitution  of  the  proposed 
national  engineering  organization  known  as  "The  Federated 
American  Engineering  Societies."  The  object  of  this  organ- 
ization is  to  further  the  interests  of  the  public  through  the 
use  of  technical  knowledge  and  engineering  experience  and 
to  consider  and  act  upon  matters  common  to  the  engineering 
and  allied  technical  professions. 

This  object,  as  stated,  is  of  more  than  ordinary  interest  to 
the  public  as  well  as  to  the  members  of  engineering  professions. 
It  states  in  a  very  practical  way  the  fact  that  the  engineer 
stands  primarily  for  service  to  his  fellowmen,  rather  than  the 
desire  to  further  his  own  advancement. 

Including,  as  this  organization  undoubtedly  will,  prac- 
tically all  the  engineering  societies  in  the  country  and  pro- 
viding funds,  although  not  ample  to  carry  on  the  work  of  the 
organization,  it  possesses  the  elements  of  a  great  force  in 
public  welfare.  It  is  unnecessary  to  call  to  mind  the  fact 
that  the  engineer  usually  shows  so  much  interest  in  his  own 
profession,  especially  the  technical  features  thereof,  that  he 
fails  to  perform  his  duties  as  a  public  servant.  This  organi- 
zation proposes  to  perform  for  engineering  societies  those 
public  services  for  which  the  technical  societies  composing  the 
organization  have  failed  thus  far  to  do.  We  can  only  hope 
that  arrangements  may  be  made  by  which  the  Society  for  the 
Promotion  of  Engineering  Education  may  become  a  charter 
member  of  this  organization.  It  seems  to  the  writer  that  the 
duties  of  the  organization  must  be  to  a  certain  extent  divided 
among  the  various  national  and  local  engineering  organiza- 
tion constituting  its  membership.  Briefly  speaking,  the 
matter  of  education  and  its  relation  to  the  engineering  pro- 
fession should  be  considered  by  the  S.  P.  E.  E.  In  other 
words,  the  S.  P.  E.  E.  should  constitute  to  all  intents  and 
purposes  a  standing  committee  on  education  of  The  Federated 
American  Engineering  Societies. 
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The  Study  of  Electricity  hy  the  Deductive  Method.  George 
I.  Alden,  B.S.,  M.M.E.,  Worcester,  Mass.,  1919,  Common- 
wealth Press.     Pag:es  110. 

The  fundamentals  of  Electricity  may  be  taught  in  many 
different  ways,  depending  upon  the  ability  and  preparation 
of  the  student.  All  teachers  of  the  subject  make  use  of 
various  mechanical  analysis  from  time  to  time,  the  oldest  and 
possibly  the  most  common  being  the  water  comparison,  most 
anlaysis  being  more  or  less  specialized  for  the  particular  phase 
of  the  subject  under  discussion.  The  author  in  this  work 
makes  use  of  an  endless  flexible  shaft  revolving  about  its 
geometric  axis  as  an  analogy  for  electrical  transmission  of 
energy.  The  idea  is  developed  in  such  a  way  as  to  make  it 
applicable  to  the  fundamental  electrical  and  magnetic  prin- 
ciples. H.  E.  D. 

Structural  Drafting  and  Design  of  Details.  By  Carlton 
Thomas  Bishop,  C.E.,  Assistant  Professor  of  Structural 
Engineering,  Yale  University.  First  Edition,  1920,  John 
Wiley  &  Sons,  Inc. 

This  is  a  very  carefully  compiled  book  of  352  pages,  8  x  10 
inches.  It  is  intended  for  students  in  the  elementary  study 
of  structural  designing  and  drafting.  Also  as  a  convenient 
reference  book  for  general  use  in  commercial  drafting  rooms. 
There  are  sixty-four  chapters  of  text  including  many  illus- 
trations and  full-page  structural  drawings.  Also  thirty-six 
pages  of  tables  and  diagrams. 

The  book  is  well  arranged  as  to  sequence  of  subjects, 
manner  of  presentation,  and  amount  of  space  devoted  to  the 
various  subdivisions  of  the  subject.  It  is  clearly  written  and 
should  readily  appeal  to  any  beginner  in  the  subject.  The 
illustrations  and  drawings  have  been  carefully  prepared  and 
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serve  the  purpose  intended  admirably.  The  author  does  not 
follow  the  case  method  extensively  by  presenting  fairly  com- 
plete designs  of  structures,  but  tends  toward  isolating  the 
subdivisions  and  treating  them  independently.  This  can 
hardly  be  called  a  criticism  in  an  elementary  book  of  this 
character. 

The  tables  and  diagrams  are  very  conveniently  arranged 
and  contain  practically  all  of  the  standard  data  necessary  in 
ordinary  structural  drawings.  Several  diagrams  for  graphic 
determination  of  resultants  from  two  given  components,  and 
very  complete  tables  and  rivet  values  may  be  especially 
mentioned.  J.  H.  S. 


COLLEGE  NOTES. 

The  Pennsylvania  State  College. — The  summer  course  in 
industrial  management  will  be  given  for  the  fifth  consecu- 
tive year  and  is  intended  for  superintendents,  foreman,  ac- 
countants and  similar  factory  executives.  It  consists  of  an 
intensive  course  covering  all  phases  of  factory  organization 
and  management  and  will  be  given  between  August  9  and  21. 
A  descriptive  circular  will  be  sent  on  request  by  addressing 
Professor  Edward  J.  Kunze,  head  of  the  department  of  in- 
dustrial engineering. 

Wyoming  School  of  Mines. — Dr.  A.  C.  Boyle,  Jr.,  for  ten 
years  professor  of  mining,  metallurgy  and  economic  geology, 
has  been  appointed  geologist  for  the  Union  Pacific  Railrad 
Company.  He  will  resign  his  present  position  and  will  assume 
the  duties  of  his  new  office  about  June  15.  Mr.  Boyle  re- 
ceived his  early  training  at  Utah  University,  later  attending 
Cornell  University,  and  finally  receiving  the  degree  of  doctor 
of  philosophy  from  Columbia  University  School  of  Mines, 
N.  Y.,  in  1913. 
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